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EXECUTIVE SUIORY

The objective of the "DS2 Container and Weatherproofing Study"
is to identify and recommend candidate materials, methods and
containers capable of withstanding common DS2 storage conditions.
This effort is in support of the U.S. Army's program to identify
improved methods for containerization and protection from the
environment for DS2 in long-term storage.

Efforts under this task identified and conducted a preliminary
assessment of materials, containers and methods used in industry
for handling and storing highly corrosive liquids. Materials and
methods for coating and weatherproofing steel containers also have
been examined. In accomplishing these reviews nearly 100 private
sector firms were surveyed. Firms in hazardous material handling,
container manufacturing, and coating and weatherproofing were
contacted to determine the state of current technology in these
areas.

Key findings in the study are:

* Under current requirements of the Resource Conservation
and Recovery Act, the method and times for storage of
hazardous materials are limited to 90 days for waste
generators and one year for storage and disposal sites.
Hence, long-term storage techniques are not addressed.

* Non-burnable hazardous wastes stored in landfills are
not contained in a manner that ensures corrosion
resistance. Landfills are constructed with impermeable
polyethylene liners to prevent contaminants from leaking
outside the landfill. These landfills are also designed
to drain any liquid leachate into a sump for recovery and
incineration. Thus, a certain amount of container
seepage over time is viewed as beneficial in reducing the
overall hazard of the landfill.

0 A range of potential alternatives for improving DS2
containers were developed from the surveys. These
include:

- The use of stainless steel containers

- Use of cold-rolled steel with an inner liner of
selected polymers

- Use of one of selected polymers

- Use of shrink-wrap overpack on the container

- Substitute silver solder for the currently used lead
solder
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From the study findings, a preliminary range of
recommendations has been developed. These recommendations are
nominally rank ordered based solely on technical feasibility.

0 Package DS2 in stainless steel containers

0 Use silver solder for the end closures

* Use a shrink-wrap overpack

0 Make a container from a compatible polymer

0 Apply an internal polymer liner to the current container

iv



PREFACE

The work described in this report was authorized under Contract
No.DAAA15-87-D-0021, Task 089. This work was started in January 1990 and
completed in September 1990.

The use of trade names or manufacturers' names in this report does
not constitute an official endorsement of any commercial products. This report
may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, U.S. Army Chemical Research,
Development and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving Ground,
MD 21010-5423. However, the Defense Technical Information Center and the
National Technical Information Service are authorized to reproduce the document
for U.S. Government purposes.

This report has been approved for release to the public.
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DS2 CONTAINER AND WEATHERPROOFING STUDY

1. BACKGROUND

DS2 is the standard chemical agent decontaminant for the U.S.
Army. DS2 is a homogeneous mixture of Diethylenetriamine (69-
71%), sodium hydroxide (1.9-2.1%) and ethylene glycol
monomethylether (methyl cellosolve) (remainder). This mixture is
corrosive to some materials, and can cause softening of plastics
and paints. DS2 is packed in steel containers of three sizes (Ref.
1):

0 1-1/3 quart refills for the M11 Decontaminating Apparatus
* 14-liter (3.7 gallons) punch-seal containers for the M13

Decontaminating Apparatus
* 5-gallon pail for bulk decontamination operations

There have been a number of reports from depots and field
storage sites of leaking and/or corroded DS2 containers. A
reasonable initial assumption would be that the caustic contents
were finding vulnerable points in the container and corroding from
the inside out. However, previous investigations have determined
that the leakage is more often caused by prolonged environmental
exposure of the welds or solder closures at the lap joints and end
caps of the containers.

The result of this corrosion on the container is an eventual
loss of seal integrity, which allows air to enter the can, and DS2
to subsequently seep out. The contents of the container may
polymerize, resulting in a useless gel. Seepage of the contents
may present an environmental and health hazard because of the
corrosive and toxic nature of DS2. In either case, the container
and its contents must be properly disposed of and replaced, thereby
increasing the life cycle cost of maintaining the necessary wartime
stockpile levels of DS2 material.

2. OBJECTIVE, PURPOSE AND SCOPE

2.1 OBJECTIVE

The overall objective of this task is to identify and
recommend candidate materials, methods and containers able to
withstand common DS2 storage conditions. In support of this
objective, the task requires the determination of materials,
containers and methods used in the hazardous waste industry for
handling and storing highly corrosive liquids. In direct response
to current DS2 packaging, the study is also to determine materials
and methods used in industry for coating and weatherproofing steel
containers.
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2.2 PURPOSE AND SCOPE

The purpose of the study is to develop data to support the
U.S. Army in defining alternative approaches to the packaging of
DS2 in order to eliminate the causes of current container leakage
problems. Through this study, the Government will be able to
identify and solicit information from private sector companies
which might contribute to the updating of the DS2 packaging
technical data package (TDP).

The scope of the task includes contacting hazardous .daterials,
plastics, and weatherproofing firms to obtain information on
containerization and weatherproofing materials and methods. At
least 50 companies will be surveyed, with no geographic
restrictions. Companies will represent a range of sizes, based on
annual revenues.

3. PROCEDURE FOR STUDY

3.1 SURVEY QUESTIONNAIRE

The first portion of the task was to develop a questionnaire
for use as a framework for discussions. The questionnaire was
submitted to the Government for comments and approval. The final
questionnaire is presented as Figure 1.

3.2 COMPILATION OF THE ADDRESS LISTS

Concurrent with questionnaire preparation and Government
approval, the task team compiled a list of 99 addresses of
companies identified as hazardous waste handlers, container
manufacturers, or anti-corrosion coating suppliers. The task team
used the Thomas Business Register, 1989 edition, as the primary
source, and extracted the companies deemed most likely, from the
limited descriptions of capabilities, to be in the field of
interest. From an initial list of more than 500 companies, the
final mailing list of 99 companies was complied. A list of the
companies contacted is presented in Appendix A.

3.3 CONTACTS WITH COMPANIES

Each of these companies was mailed a survey questionnaire, and
then was contacted by telephone. The initial telephone contact
served to establish a point-of-contact (POC) by name and as a means
to schedule a follow-up call for further information gathering
after the POC had a chance to review the survey questionnaire.
Subsequent contact(s) were used to complete the data gathering
task.
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I. General Information

A. Corporate Identification

1. Name of Company

2. Address of Company Headquarters

B. Corporate Description

1. Approximate Annual Gross Sales

2. Number of Personnel

3. Has your company produced containers conforming
to Government specifications?

4. If your company purchases the containers used,
rather than making your own, please list the
suppliers.

II. Containers

1. Does your firm handle corrosive/alkaline hazardous
wastes/materials? What specific materials do you
handle?

2. If yes, what Standing Operating Procedures or
regulations are followed in your handling and
disposal?

3. What types of containers do you use for corrosive
wastes?

4. What material(s) are they made of, what
gauge/thickness is the material, and what sizes do
the containers come in?

5. By what methods/materials are the containers
fabricated and sealed?

6. a. How long are the materials stored in the
container?

b. What effects do the corrosive materials have
on the containers?

Figure I

Hazardous/Corrosive Material Container Questionnaire
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7. What are the environmental conditions under which
the materials are stored?

8. Are the filled and sealed containers readily
transportable? Can they be subjected to rough
handling? (IAW Military Specifications). With which
military specifications, if any, do they comply?

9. What are examples of materials stored in these
containers?

10. What type(s) of labeling do you use on your
containers? How is it applied (printed labels,
stenciling, silk screening, etc.)?

11. Would you prefer to use another method to label the
containers? If so, what type?

12. Are the containers you presently use considered
superior to those generally used in industry today?

13. If you do not manufacture your own containers, skip

to Section IV.

III. Container Manufacturers

1. Do you make containers from carbon steel? What
gauge carbon steel? What are the available
capacities?

2. How do you seal your carbon steel containers? If
welded/soldered, how many welds/solders?

3. What other materials would be appropriate for DS2
containers?

4. Can you make containers using only two pieces
(container and lid) suitable for holding DS2?

5. Do you apply corrosion resistant coatings to your
containers? If so, what types?

6. Are test samples available? Are test reports
available?

7. Would you be willing to fabricate containers for the
U.S. Government? Do you have any reservations about
dealing with the Federal Government?

Figure 1 (Continued)
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8. Are any of your processes/materials proprietary in
nature?

9. Can your company support a production rate of
100,000 cans per year? What is the approximate cost
per can at this production rate?

IV. Weatherproofing

1. What type of materials/polymer coatings are used by
your company to weatherproof/preserve products in
metal containers (e.g., spray coatings, dip
coatings, barrier bags, encapsulation)?

2. Is your weatherproof ing method/material transparent?

3. What thickness is customarily used?

4. Is your weatherproofing method/material easily
applied? What equipment is required? Under what
conditions can it be applied?

5. Can your company support weatherproofing of
containers at the rate of 100,000 cans per year?
What is the approximate coating cost per square foot
at this rate of production?

6. Are test samples, products, or containers available?
Are any test reports available?

7. Can you apply your weatherproofing method/material
to containers which we provide? Is there a set fee
for such work?

8. Under what conditions can your weatherproofing
method/material be used?

9. Is your weatherproofing method/material compatible
with Chemical Agent Resistant Coating (CARC) per
MIL-STD-171? Is it compatible with polyurethane
based coating systems in general? Is it compatible
with alkyd-based coatings?

10. How well do the labels placed on the containers hold
up under weathering/storage?

11. Are the materials used to weatherproof in and of
themselves considered hazardous material/waste?

Figure I (Continued)
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12. Do the weatherproofing materials present any unusual
safety or health hazards/concerns?

13. Are there any lessons learned about storage of
corrosive/alkali based hazardous wastes/materials
which you can recount?

V. General Comments

Figure I (Continued)
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4. RESULTS OF THB SURVEY

Due to the contractual requirement to contact "not less than
50 firms", the task team deliberately canvassed more firms than
required. Prior experience with this type of survey indicated that
the typical response rate would be about 60% of the firms initially
contacted. Of the 99 firms selected for initial contacts, 50 were
eventually dropped from further consideration, for a variety of
reasons.

More than half of the companies selected disqualified
themselves, stating that their product line did not match the DS2
container requirements or that they had no desire to deal with
Government contracts. The following lists the various reasons
given for not participating in the survey:

0 Product line does not match the requirements for DS2
containers (too large, too small, wrong materials)
(19 firms)

* Firms improperly identified from the Thomas Register
(warehouses for containers, nuclear waste container
manufacturers, air pollution mitigators)
(5 firms)

* Businesses with no desire to accept Government or
military contracts
(2 firms)

* Dropped hazardous waste handling line of business
(1 firm)

• Gone out of business, no telephone number listed,
or moved leaving no forwarding address
(9 firms)

* Did not respond to repeated contacts (14 firms)

Many companies contacted informed the task team that they
would simply use containers which conformed to the appropriate
Department of Transportation (DOT) transportability codes for the
class of materials into which DS2 falls. From the Material Safety
Data Sheet (MSDS), DS2 was identified as an Alkaline Corrosive
Liquid, N.O.S., which is covered by 49 Code of Federal Regulations
(CFR) 173.249. The task team subsequently contacted the Department
of Transportation Research and Special Program Administration (DOT-
RSPA), and received a copy of the applicable paragraphs in 49 CFR
173 (Ref. 2) and packaging instructions 809 and 813 for air and
water transportation. These extracts are attached at Appendix B.
These companies indicated no further or more stringent requirements
were necessary for their purposes.
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The companies contacted were nearly unanimous in their
surprise that they were contacted concerning long-term storage of
caustic and hazardous wastes. Hazardous waste handling companies,
under the current requirements of the Resource Conservation and
Recovery Act (RCRA), are restricted in the methods and time for
which they are allowed to store wastes at various sites. Transfer,
Storage, and Disposal (TSD) sites are limited to one year, while
hazardous waste generators are limited to 90 days.

Further, most of the companies who handle and store hazardous
waste also have hazardous waste destruction facilities, most often
incinerators. A company which has large amounts of liquid hazar-
dous waste stored on-site is not operating its incinerator effici-
ently. Long-term storage of hazardous wastes for these companies
is measured in weeks or months, rather than years or decades, as
is required for DS2 storage. For this reason, most hazardous waste
handlers could not begin to suggest proven methods for weather-
proofing containers beyond painting them or warehousing them.

Several companies contacted had landfill facilities for long-
term storage of non-burnable wastes. Under current laws, most of
these wastes are solids, often contaminated with hazardous liquids.
When queried about corrosion protection, the response was usually
that corrosion protection of the containers in a landfill was
rarely considered.

Modern landfills are lined with thick polyethylene sheets,
which drain any liquid seepage to a sump, where pumps remove the
liquid for subsequent treatment. Several POCs even suggested that
some corrosion of the waste drums was beneficial, as the liquids
which seeped into the sump were burnable, but not ordinarily
economically recoverable, hence the long-term landfill storage.
Any liquid wastes which percolated out of their solid matrix and
were recovered at the sump could be pumped into drums and taken to
an incinerator, thereby reducing the level of hazard in the
landfill.

Several companies were reticent to give "free advice" to the
Government, but would be quite happy to sign a contract to develop
a container which would meet the DS2 storage requirements. One
individual in particular, Dr. Ahmed of CHEMAREX, stated that he had
an idea which his experience indicated would do the job. He
further stated that he had a number of potential manufacturers
lined up and interested. He wanted, however, to protect his
business and financial interests, and would not reveal his idea to
the task team. The Project Engineer suggested that CHEMAREX submit
their concept to the Government in the form of an unsolicited
proposal, and provided them with the name and address of the
Contracting Officer's Representative.

8



Those companies which did make recommendations for improved

containers offered the following techniques:

* Use stainless steel for the container.

* Use cold-rolled steel with an inner liner of:

- polyethylene
- epoxy/epoxy-phenolic
- urethane

* Use one of the following polymers:

- high-density polyethylene (HDPE)
- fluorinated HDPE
- polypropylene
- polyetheretherketone (PEEK)
- fiberglass composite
- other fluorinated polymers

* Use a shrink-wrap overpack on the can.

* Over coat the paint on the can with:

- sprayable elastomeric coating (urethane or
other)

- polyurethane (currently used)
- epoxy

* Change from lead solder to silver solder.

5. DISCUSSION OF FINDINGS

5.1 STAINLESS STEEL

Several companies recommended the use of stainless steel to
manufacture the cans. Stainless steel exhibits excellent corrosion
resistance. Stainless steel containers are made by many firms and
are widely used commercially. Stainless steel is, however, four
to five times more expensive than carbon steel or cold-rolled steel
(One firm priced carbon steel at $0.35/pound and stainless at $1.53
per pound, or 4.4 times the cost of carbon steel.) While this may
solve the long-term storage problem, it would greatly increase the
cost.

5.2 LINED-STEEL CANS

Several recommendations for cans lined or coated with a
chemical resistant polymer were made. Polyethylene liner bags are
available commercially, but may not be useful for the production
of DS2. Cans coated with a chemical resistant material, such as
polyethylene, polypropylene, polyurethane, or epoxy/epoxy-phenolic

9



materials may show some enhanced resistance to corrosion and
leakage, but an internal barrier would not solve the problem of
environmental corrosion of the seals.

5.3 POLYMERIC CONTAINERS (Ref. 3)

A number of companies suggested the use of polymeric
containers to replace the current materials. The polymer
recommended most often was polyethylene, but polypropylene and
fiberglass composites were also mentioned. Previous studies have
indicated that DS2 is indeed compatible with polyethylene and
polypropylene, but that polyethylene begins to crack and seep under
long-term high temperature storage. Polypropylene is reported to
have better high-temperature properties, but is also more brittle,
and may suffer under rough handling. (Ref. 4)

One polymer specifically suggested by the Contracting
Officer's Representative (COR) was polyetheretherketone (PEEK).
PEEK is a semicrystalline aromatic thermoplastic which is reported
to be quite tough. The glass transition temperature of PEEK is
about 1430C (2890F), and PEEK has a particularly high fracture
energy of about 500 J/m. (Ref. 5)

PEEK is currently produced by ICI Advanced Materials. Contact
with representatives from ICI indicates that PEEK would have no
problems containing sodium hydroxide, but that no data are
available for the other two components. The representative was not
sure that PEEK would be able to contain DS2 for the length of time
needed for the required shelf life. PEEK shows excellent chemical
resistance to glycols, methanol, ethanol, diethylamine and
diethylether in short term testing (seven days immersion at 2000C
(420 0F)). Longer tests have not been conducted. A more complete
breakdown of the characteristics is presented at Appendix C.
Samples are being obtained for Government testing.

One company makes containers of polyethylene with an internal
fluorocarbon barrier which is claimed to improve polyethylene's
chemical resistance. Samples of the containers were obtained for
subsequent Government testing.

Another polymer specifically suggested by the COR for
investigation was KYNAR (polyvinylidene fluoride, PVF2). KYNAR is
one of a number of fluorinated polymers commercially available,
which include TEFLON (polytetrafluoroethylene, TFE), KEL-F
(polychlorotrifluoroethylene, CTFE), FEP (a copolymer of TFE and
hexafluoropropylene) and HALAR (a copolymer of CTFE and ethylene).

TEFLON is the most chemically resistant plastic commercially
available and is unaffected by acids and alkalies (except high
temperature fluorine and chlorine gas, and molten metals) up to
500 F (2600C). TEFLON, however, is difficult to work with,
requiring complicated powder-metallurgy techniques.
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KEL-F is also highly chemical resistant, can be used at
temperatures up to 350°F (1800C), and can be made into a transparent
film. KEL-F is expensive ($25-30 per pound) and cannot be used as
a shrink-wrap. Further information is presented at Appendix D.

FEP is similar to TFE, in that it has good chemical resistance
to 400°F (2000C), and the advantage that it can be extruded on
conventional extrusion equipment.

KYNAR is reported to have excellent resistance to acids and
alkalines up to 300°F (1500C) and can be extruded. However, KYNAR
is not recommended for use with organic amines. (Ref. 6) Further
information is presented at Appendix E.

HALAR also has good chemical resistance up to 300°F (1500C) and
can be extruded.

Another compound is perfluoroalkoxy (PFA), which has similar
properties to FEP at temperatures approaching 600°F (3000C).

The tables in Appendix F summarize information dealing with
commercially available polymers.

5.4 FIBERGLASS COMPOSITE CONTAINERS

Several companies contacted recommended the use of fiberglass
composite containers for replacement DS2 containers. Fiberglass
composites consist of polymeric matrices reinforced with fibers of
various types, which can provide a wide range of flow properties,
stiffness, and strength (Ref. 7). Fiberglass is, in effect, a
generic name, as fibrous reinforcement can be provided by a wide
variety of materials, such as aramid fibers, carbon whiskers, and
other natural and artificial fibers, as well as glass filaments.
One form of glass, C-glass, based on a soda-lime borosilicate
composition, is particularly useful because of its extremely high
resistance to chemical corrosion. (Ref. 7)

Matrix selection is an important design consideration for
fiberglass composites. Current resin (matrix) chemistry can
accommodate nearly every conceivable product application. Common
matrices used are (Ref. 7):

* Epoxy 0 Polycarbonate
* Polyester 0 Polyether
* Phenolic 0 Polystyrene
0 Melamine S Polypropylene
* Polyurethane S Polyethylene
0 Polyamide 0 Poly(ethylene-co-vinyl acetate)
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Polyesters are some of the most common matrices, due to their
adequate resistance to water and chemicals, weathering, aging, and
low cost. Polyesters, however, can only withstand temperatures to
about 80 0C (1760 F). (Ref. 5)

Epoxy matrices are more expensive than polyesters, but have
better moisture resistance and a higher useful temperature range.
The most important variety of epoxy matrices is a condensation
product of epichlorohydrin and bisphenol A. (Ref. 5)

An important problem with polymer matrices is associated with
environmental effects. Polymers can degrade at moderately high
temperatures and through moisture absorption. Moisture absorption
causes swelling and can lead to severe internal stresses. (Ref. 5)

The following table presents a comparison of some of the more
common fiberglass materials. (Ref. 8)

Table 1. Typical properties--unreinforced resin casts
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5.5 ZXTERNRL COATINGS

one of the more reasonable approaches mentioned by the
industrial POCs was the use of a shrink-wrap overpackage on the
current DS2 cans. Shrink-wrapping has the advantages of simplicity
and low-cost, but may have limited effectiveness. Shrink-wrapping
uses polyethylene films which are loosely wrapped around the
container and then are heat-sealed to conform to the package at a
temperature of 300OF (150 0C) for about 10 seconds (6 mil
polyethylene film) (Ref. 9). A thinner f ilm might be a viable
option, as the short time in the hot 'Oven will not cause enough
heat transfer to present a fire or explosion risk with the DS2
(f lashpoint 1600F).

12



The major drawbacks of shrink-wrapping are the potential
increases in cost due to changes/additions to the production line,
and potentially limited effectiveness. While shrink-wrapping is
a simple task and is amenable to incorporation in an assembly line,
adding the process to the production line represents an added cost.

As with any external weatherproofing technique, the
effectiveness of shrink-wrapping will depend on the treatment of
the finished package. Any weakness in an external coating will
allow water to penetrate, promoting the corrosion of active sites,
such as the welds or solder joints, where differing metals and
alloys can undergo galvanic activity, eventually resulting in
penetration and loss of seal integrity.

Rough handling of DS2 cans already has resulted in a history
of disruption of the (older) alkyd enamel and (more recently)
polyurethane camouflage coatings, leading eventually to seepage of
the DS2. A shrink-wrap overpack may reduce this problem, but also
may not solve it. Polyethylene films get brittle during long-term
environmental exposure, and would eventually flake off. The
potential increase in shelf life of the DS2 container may offset
the additional cost of producing the shrink-wrapped containers, and
may result in a lower life-cycle cost, but the task team is unable
to quantify any cost-savings.

One company suggested the use of a sprayable elastomeric
coating over the current paint. The formulation could be
polyurethane-based (one-component or multi-component) or based on
other formulations. A sprayable elastomer would be more resistant
to damage from rough-handling than the current MILSPEC
polyurethane-based CARC, which tends to be brittle. Testing would
be required to determine compatible overcoating formulations.

A few companies indicated that a second coat of a good paint
could solve the problem. Some paints recommended were epoxy paints
or polyurethane paints. A comparison of a list of coatings suitable
for atmospheric service (Ref. 10) is presented at Appendix G.
However, since the containers are currently painted with a MILSPEC
polyurethane paint, this does not seem to offer a viable solution.
The problem starts with scratches or nicks to the paint, as
previously mentioned, and a second coat of paint or touch-up paint
would not be highly effective in preventing corrosion under the
typical rough-handling environment to which the containers are
subjected.
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5.6 SOLDERS

Most cans produced commercially are sealed with a Lead-Tin-
Bismuth solder. These solders are inexpensive and are easily
worked, as they soften in the 260-375F range (depending on the
exact composition). The following table presents data on these
low-melting point solders (Ref. 11):

Table 2. Melting Point Solders

(From N.B.S. Circular 492)

Nominal Composition, Liquids
Weight Percent Temperature

OF

Pb Sn Bi

25 25 50 266
50 37.5 12.5 374
25 50 25 336

One POC suggested switching from the commonly used low melting
point solders to a silver solder. Data on the various silver
solders is presented below (Ref. 11):

Table 3. Brazing Filler Metals (Solders)

- As I 1A Al JA, As a Be k C jCdjCr Ca Fe U Mg Ma Ni P Pb 9b M go 71 2.

SILVER
BAg-I 125 1145 145-"44-43. 14-1 14-1 0.15 BA-I

440 25BAg-Is 1 1175 175- 4941 17- 14.- 34.5- 0.15 BAg-ts
400 19 16.5 18

BA41-2 112 1295296- 34-36 17. 2- I- 0.1 BA5--
5350 19 27 2DAr1 1170 1270 1270 453 1& 14.5 2.-135 .15 BAg-I10 17 1.5 3 17.5BA-4 120 143 - -41 2- 1.5- 2. 0.1 BAg.4

1650 31 2.5 30BAs-4 120 1370 370- . - 23- 0.15 B,-,
1550 31 27BA 4 127 1425 4 91 13- 14- 0.15 BA4
600 35 18BAg-? 1145 120605 - 7 21- 4.5- is- .15 BA-7400 23 5.5 19

Bor 14351435 43- 1-73 BeL .15 BAg4
BAg-b 410 1410 410- 1-73 BdL. .0.13 0.15 BAg-kS

600 0.3DAg-I$ 325 575 575- Dm1.e 4.0- .15 BAg-Il
775 .0

BAg-iS 1151125 32- 1 teo. . 9.5- 0.15 BAg-I8
50 10.5BAg-Ig 14 1635 1610. 0.1 BAg-

- - 0.3 . -. I -
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The advantage of the use of silver solder is that it is more
"noble" (less reactive) than the low melting point solders, and
would last longer under environmental exposure. The disadvantages
are the increased cost (about $0.10 of solder per can for silver
solder) and the higher working temperature required.

The requirement for a higher working temperature for silver
solder could pose some problems on the production line. The higher
temperature required could pose a greater risk of flashing the
components of DS2. However, there are techniques available which
provide local heating quickly enough to successfully solder the can
without significantly increasing the temperature of the bulk liquid
for the larger containers. The small (1-1/3 quart) container will
present the greatest hazard. Likewise, the heat transferred to the
container will increase the pressure inside, potentially causing
some deformation of the container, especially the small can.

6. CONCLUSIONS

In general, contacting hazardous waste management companies
was not useful for this task. Regulatory strictures prevent the
companies from storing wastes for longer than one year, and
economics dictate that the faster the incinerator destroys the
liquid wastes the quicker the company realizes a return on its
investment. Storing caustic liquid wastes for long periods just
doesn't make sense.

Federal regulations, issued by the Department of
Transportation, dictate the types of containers to be used for
specific chemicals and few, if any, companies in the U.S. make any
improvements to these DOT-specified containers beyond painting
them.

Stainless steel was frequently recommended as the best option
for a non-corroding container. Stainless steel would be able to
meet all the rough-handling and storage requirements needed, but
would be expensive for use as a disposable can.

Containers made from a variety of polymers were suggested as
replacements for carbon steel or Terne plate. Polyethylene and
polypropylene are commonly used for chemical storage and
overpacking, but may not perform well over the longer periods
demanded by the Army. Fluorinated polymers may be useful, and
should be explored further. Another possible candidate is PEEK.

The use of a polyethylene-film shrink wrap would add a water-
repellent barrier to the outside of the DS2 container and could
extend the shelf life of the can significantly. However, as with
paint, rough handling could cause punctures or tears in the shrink
wrap which would negate its effectiveness.
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An elegant solution to the problem with corrosion of the
solder seals is to change from the lead-tin-bismuth (Pb-Sn-Bi)
solder currently used to a more noble, and more expensive, silver
solder. Silver solder would necessitate changes to the production
line and may create a hazard because of the higher operating
temperature required.

While not specifically required in this survey, some
potentially beneficial information concerning costs was collected.
These data are presented in Appendix H.

7. RECOMNENDATIONS

The following techniques are recommended as potential
improvements to the Technical Data Package (TDP) for the cans for
DS2:

0 Use a silver solder to seal the end caps.

* Apply an elastomeric sealant.

• Apply a shrink-wrap outer coating.

0 Investigate the use of PEEK or fluorocarbons for
containers.

* Prevent rough-handling of the cans to avoid
scratching the paint.

The use of stainless steel for the can would correct the
problem at hand, and may be the ultimate answer. However, the high
cost of the can poses a potential obstacle to its adoption. In
addition, stainless steel does not accept paint very well, and
would be difficult to camouflage.
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APPENDIX A

COMPANIES CONTACTED

ABCO Industries, Inc.
P.O. Box 335
Roebuck, SC 29376
1 (803) 576-6821
Janine Dworley

Air Products and Chemicals, Inc.
Surface Treated Products, Airopak Containers Division
Allentown, PA 18195
1 (800) 247-6725
Laurie Maurer

All-American Environmental Corp
140-53rd Street
Brooklyn, NY 11232
1 (718) 492-7400
Joe Capp

All-Pak, Inc.
2260-T Roswell Drive
Pittsburgh, PA 15205
1 (412) 922-4566
Bill Barger

Allstate Can Corp.
40-T Isabella St.
Clifton, NJ 07012
1 (201) 773-0100
Ron Peppele

American Metal Fab., Inc.
55515 Franklin Industrial Park
Three Rivers, MI 49093
1 (616) 279-5108
Al West

American Technology and Research Industries, Inc.
1510 SW 17th Street, Dept. RL
Ocala, FL 32674
1 (904) 622-4242

American Science and Technology, Inc.
1 (609) 786-1751
George Lopez

American Waste, Inc.
P.O. Box 306
Maywood, IL 60153
1 (708) 681-3999

19



Aptus Environmental Services, Inc.
Coffeeville, KS

Ashland Chemical Company, Ind. Chem. and Solvents Div.
P.O. Box 2219
Columbus, OH 43216
1 (614) 889-3333
Ron Cimmino

B.E.S. Environmental Specialists
82-86 Boston Hill Road
Larksville, PA 18651

BCM Engineers
1 Plymouth Meeting, Suite 506
Plymouth Meeting, PA 19462
1 (215) 825-3800

Belmet Products, Inc.
60 Beadel Street
Brooklyn, NY 11222
1 (718) 782-3554
Rich Goss

Bonar Plastics, Inc.
19705 SW Teton Avenue, P.O. Box 487
Tualatin, OR 97062
1 (503) 692-0560
Phil Sargeant

Browning Ferris Industries

By-Products Management of Ohio, Inc.
17879-T St. Clair Avenue
Cleveland, OH 44110
1 (216) 486-9100
Carl Munn

CBI Services, Inc.
St. George Road
Bourbonnais, IL 60914-7001
1 (815) 933-4440
Chuck Bull

Chemarex/Cal Bionuclear Corp
13125 South Broadway
Los Angeles, CA 90061
1 (213) 515-5260
Dr. Ahmed
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Chem-Clear
2900-T Broadway Near Independence Rd.
Cleveland, OH 44115

Chemical Waste Management Inc.
3003-T Butterfield Road
Oak Brook, IL 60521
1 (708) 218-1500
Dave McKuehn

Cleveland Steel Containers
350 Mil Street
Quakertown, PA 18951
1 (215) 536-4477
Don Doulan

Coating Systems, Inc.
55 Crown Street, Dept. TR
Nashua, NH 03060
1 (603) 883-0553
Aram Jeknavorian

Columbiana Boiler Company
198 West Railroad Street
Columbiana, OH 44408
1 (216) 482-3373
Bill Riddle

Compliance Services, Inc.
Wayne, PA
1 (215) 254-0842
Russ Phifer

Consolidated Container Corp.
735 N. 3rd Street, Dept. 110
Minneapolis, MN 55401
1 (612) 338-0753
Joel Wirth

Container Products, Inc.
7838 Iron Street, P.O. Drawer 158
Masury, OH 44438
1 (216) 448-6841
Robert Beaudrie

Container Research Corp.
Hollow Hill Road
Glen Riddle, PA 19037
1 (215) 459-2160
Chris Leiser
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Crown Anderson, Inc.
306 Dividend Drive
Peachtree City, GA 30269
1 (800) 241-5424

Crown Rotational Molded Products, Inc.
P.O. Drawer 577
Marked Tree, AR 72365
1 (501) 358-3400
Jack Hendricks

Cyprus Environmental Industries, Inc.
300 Crescent Court Ste 1105
Dallas, TX 75201
1 (214) 871-2299
Bill Conley

DAS Environmental, Inc.
2516 E. Ontario Street, Dept. MS
Philadelphia, PA 19134
1 (215) 739-3445
Wayne Chapman

Dipseal Plastics, Inc.
2311-23D Avenue
Rockford, IL 61104
1 (800) 634-7821
Scott Platt

Douglass, Gordon, and Associates
121 Berwick Heights Road, P.O. Box 496-A
East Stroudsberg, PA 18301
1 (717) 476-6600
Mr. Douglass

ECOVA
12790 Merit Drive Suite 220-A
Dallas, TX 75251
1 (214) 238-0600
Arnie Sugar

ETI Group Companies of North America
P.O. Box 2286
Denver, CO 80201

Ellisco, Inc.
4010 N. American Street
Phildelphia, PA 19140
1 (215) 223-3500
Peter Riley
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Ensign Bickford Haz-Pros, Inc.
656 Hopmeadow Street
Simsbury, CT 06070
1 (203) 651-2603
John Fowler

Envirite
600-T West Germantown Pike
Plymouth Meeting, PA 19462
1 (215) 828-8655
Bill McTige

Environmental Contracting and Supply Co.
P.O. Box 338-T
La Grange, IL 60525
1 (708) 579-1104
Dick Halm

Environmental Elements Corp.
3700 Kopper Street, P.O. Box 1318
Baltimore, MD 21203
1 (301) 368-7000
Werner Eichanmer

Environmental Technologies International
P.O. Box 2841
Reno, NV 89505
1 (702) 322-1164

Envirosafe Services, Inc.
115 Gilbralter Road
Horsham, PA 19044

FMP Corp.
250 Risdon Street
Naugatuck, CT 06770
1 (203) 723-5232
Claire Pelgrow

Freund Can Company
167 West 84th Street
Chicago, IL 60620
1 (312) 224-4230
Mr. O'Brien

GSX Chemical Services, Inc.
P.O. Box 21079, Dept. TR
Columbia, SC 29221
1 (803) 798-2993
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HAZMAT Training, Information and Services, Inc.
6480 Dobbin Road Columbia Center
Columbia, MD 21045
1 (301) 964-0940

HEMC Environmental Management
2681-T Dow Avenue, Unit No. C-I
Anaheim, CA 92680
1 (714) 364-3005

Hardigg Industries, Inc.
393 N. Main Street
South Deerfield, MD 01373
Dave Macdonald

Hart Environmental Management Corp.
530 Fifth Aveneue, Dept. TR
New York, NY 10036
1 (212) 447-1480
June Williams/Fred Hart

Helios Container Systems, Inc.
315-T Fairbanks Street
Addison, IL 60101
1 (708) 529-7590
Barbara Donner

Hitech Research and Development, Inc.
8625-T 68th Street, S.E., P.O. Box 998
Calgary, Alberta, Canada

Hudson Tool and Dye Company
18 Malvern Street
Newark, NJ 07105
1 (201) 589-1800
Bill Cuthbert

Hunter Drums LTD.
1121 Pioneer Road
Burlington, Ontario, Canada
1 (416) 333-1145
Wayne Gow

Inland Pollution Services, Inc.
646-T Garden
Elizabeth, MJ 07202
1 (201) 353-5544
John Guy
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International Technology Corp.
23456-T Hawthorne Bvld.
Torrance, CA 90505
1 (213) 378-9933
Laura Johnston/Mr. Soesbe

J&B Systems
P.O. Box 245
Milford, OH 45150
1 (513) 732-2000

JMH Industries, Inc.
217-219 Versaw Ct.-T P.O. Box 930-T
Berthoud, CO 80513
1 (303) 532-4040
Kaupp, C.B. and Sons, Inc.
12 Newark Way
Maplewood, NJ 07040
1 (201) 761-4000
Clem Kaupp, Jr.

Kosempel Mfg. Co.
3700 Main Street
Phildelphia, PA 19134
1 (215) 533-7110
John Solheim

M & S Engineering and Mfg. Company, Inc.
95 Rye Street
Broad Brook, CT 06016
1 (203) 627-9396
Sigmuand Koslowski

Maecorp
17450-T S. Halsted Street
Homewood, IL 60430
1 (800) 372-7745
Phil Mazor

Marisol, Inc.
123 Factory Lane
Middlesex, NJ 08846
1 (201) 469-5100

McClain Industries, Inc.
P.O. Box 913
Sterling Heights, MI 48087
1 (405) 691-6311
Jamie Reeves
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Melmat, Inc.
1400 W. 240th Street
Harbor City, CA 90710
1 (213) 325-1625
John Mellott

Mid-States Metal Lines, Inc.
4001-T E. 137th Terr.
Grandview, MO 64030
1 (816) 765-5444
Les Martin

Mirax Chemical Products, Inc.
Metal Containers Division
4997 Fyler Avenue
St. Louis, MO 63139
1 (314) 752-1500
Oliver Clert

Mutual Stamping and Manfacturing Co.
241 Shetland Road, P.O. Box 656-T
Fairfield, CT 06431
1 (203) 877-3933
Bob Fox

National Packaging Services, Inc.
34-40 Laurel Hill Blvd.
Maspeth, NY 11378
1 (718) 786-6343
Bob Strasser

OH Materials Corp.
P.O. Box 551 Dept. TR
Findlay, OH 45839
1 (419) 423-3526
Marsha Robinson

PDI Plastidip International
P.O. Box 130
Circle Pines, MN 55014
1 (612) 785-2156
Chuck Nelson

Pacific Rim Packaging Corp.
801-T Chesley Avenue, P.O. Box 4026
Richmond, CA 94804-0026
1 (415) 234-7114
Glen Langstaff
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Packaging Specialties, Inc.
9522 Richmond Avenue
Cleveland, OH 44105
1 (216) 271-7988
Paul Libby

Potomac Metal and Supply, Inc.
Route 51, Box 1415
Cumberland, MD 21502
1 (301) 722-4030

Process Technology Co.
1 (800) 782-0841

Quick Draw and Machining, Inc.
4869-T McGrath Street
Ventura, CA 93003
1 (805) 644-7882
Mr. Ward-Llwewllyn

Rack Engineering Company
299-T S. 7th Street
Connellsville, PA 15425
1 (412) 628-8400
Frank Minor

Rem-Tech
Loiseberry, PA
1 (717) 938-6745
Errol Fletcher

Robertson Can Company
16 N. Lowry Avenue
Springfield, OH 45501
1 (513) 323-3747
Mr. Robertson

Rochelle Steel Fabricating, Inc.
Rt. 251 South
Rochelle, IL 61068
1 (815) 562-7805
Tom Hart

Rollings Environmental Services(DE), Inc.
One Rollins Plaza, P.O. Box 2349-T
Wilmington, DE 19899
1 (302) 479-2700
Fred Gerdes
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Roy F. Weston, Inc.
Weston Way
West Chester, PA 19380
1 (215) 692-3030
Joel Carmazine

Safety Shield Corp.

Scientific Plastics CO., Inc.
550 Elizabeth Street
P.O. Box 642
Waukesha, WI 53187
Mr. Portz

Skolnik Industries, Inc.
4900 S. Kilbourn Ave.
Chicago, IL 60632
1 (312) 735-0700
Dan Abram

Sommer Metalcraft Corp.
500 Poston Drive
Crawfordsville, IN 47933
1 (800) 654-3124
Greg Bryant
Sonoco Plastic Drum
1225-T Davies Street
Lockport, IL 60441
1 (815) 838-7210

Statewide Environmental Services
1 (415) 865-2978
Dick Clark

Staver Company, Inc.
45-T Saxon Avenue
Bay Shore, NY 11706
1 (516) 666-8000
J.B. Lazarus

Steel King Industries, Inc.
2700 Chamber Street, Dept. KG
Stevens Point, WI 54481
1 (715) 341-3121

Steeltin Can Corp.
1101 Todds Lane
Baltimore, MD 21237
1 (301 686-6363
Rich DiMarcantonio
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Stout Environmental
R.R. 4 Box 140 N. Woodbury Road
Sewell, NJ 08080

TDP Industries, Inc.
603A Airport Blvd.
Doylestown, PA 18901
1 (215) 345-8687
Ray Miller

TRC Companies, Inc.
800-T Conneticut Blvd.
East Hartford, CT 06108
1 (203) 289-8631
George.McKenney

Thermal Oxidation Corp.
Roebuck, SC 29376
1 (803) 576-1085
Diane Prioletti

U.S. Ecology

Van Leer Corp.
1 (800) 323-3151

Washington Aluminum Company
Knecht Avenue
Baltimore, MD 21229
1 (301) 242-1000
Stephanie Coulteau

Waste Research and Reclamation Company, Inc.
Industrial Center Highway 93
Eau Claire, WI 54701
1 (715) 836-8760
Jack Viesezak
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APPENDIX B

Extract from 49 CYR 173
and

Packaging instructions 809 and 813

§ 173.249 49 CR Ch. I (1061-88 Edition)

discs having a %-inch breather hole in (4) (Reserved]
the center thereof. (5) Specification 103.' 103W. 103As

(6) Specification MC 310. MC 311. or 103AW, 103B.' 103BW. 104,' 104W,
MC 312 (1 178.343 of this subchapter). 105A100. ' 105AI00W. I1IA60FI,
Cargo tanks. Bottom outlets are au- l11A60W1, 111A60W2. 111AI00PZ
thorized if they meet the require- llIA60W5. or lllA100W4 (§ 179.100.
ments of § 178.343-5 of this subchap- 179.101. 179.200. 179.201 of this sub.
ter. chapter). Tank cars.

(7) Spec. 60 (§ 178.255 of this sub- (6) Specification MC 303. MC 310,
chapter). Portable tanks. MC 311 or MC 312 (§ 178.343 of this

(8) Specification IM 101 portable subchapter). Cargo tanks. Specifica.
tanks (j§ 178.270. 178.271 of this sub- tion MC 303 is authorized for alkaline
chapter) are authorized under condi- corrosive liquids, n.os., and alkaline
tions specified In the IM Tank Table. liquids, n.o.s. only and is not author.
(49 U.S.C. 1803. 1804. 1808. 49 CF R 1.53. ised for transportation by water.
App. A to Part 1) Bottom outlets are authorized if they
E29 FR 18725. Dec. 29. 1964. as amended by meet the requirements of § 178.343-5
Order 71. 31 FR 9070. July 1. 1966. Order 73, of this subchapter.
32 R 3456. Mar. 2. 1967. Redesignated at 32 (7) Specification 57 or 60 (§§ 178.251.
PR 5606. Apr. 5. 1967] 178.253, 178.255 of this subchapter).

ELrronzz.. No=E For Federal Register cita- Portable tanks. Specification 57 porta-
tions affecting § 173.248. see the List of CFR ble tank not authorized for transpor-
Sections Affected appearing in the Finding tation by water.
Aids section of this volume. (8) Spec. 12B (1 178.205 of this sub-.

§ 173.249 Alkaline corrosive liquids. n.os.: chapter). Fiberboard boxes with glass
alkaline liquids. n.os.g alkaline corro- inside containers of not over 16 ounces
sive battery fluid: potassium fluoride capacity each.
solution: potassium hydrogen fluoride (9) (Reserved]
solution: sodium aluminate. liquid: (10) Spec. 12B (§ 178.205 of this sub-
sodium hydroxide solution: potassium chapter). Fiberboard boxes, with not
hydroxide solution, more than one glass inside container

(a) Alkaline corrosive liquids, n.o.s.: not over 1 gallon capacity containing
sodium hydroxide solution not over 25alkaline liquids. n.os.; alkaline corro- percent strength and packed in a

sive battery fluid; potassium fluoride s
soluion poassum hdroen luoide strong fiberboard box. Dry chenticas

solution; potassium hydrogen fluoride for photographic development process
solution; sodium aluminate, liquid; not classed as dangerous articles, con-
sodium hydroxide solution and potas- tamed in suitable inside packages, may
sium hnydroxide solutioi, when offered be packed in the same outside box.
for transportation by carriers by rail The marking requirements of § 172.312
freight, highway, or water must be of this subchapter, shall not apply.
packed in specification containers of a (11) Spec. 29 (1178.226 of this sub-
design and constructed of materials chapter). Mailing tubes. with not more
Lhat will not react dangerously with or than one inside polyethylene bottle
be decomposed by the chemical not over I-quart capacity each.
packed therein as follows: no2 SerQ 178.13 of h

(1) In containers prescribed in (12) Spec. 1H (§ 178.13 of this sub
§ 173.245. chapter). Metal crate with inside poly-

(2) Specification 15A. 15B. 15C. 16A. ethylene container Spec. 2T (§ 178.21

19A. or 19B (§§ 178.168. 178.169. of thissubchapter).
178.170. 178.185. 178.190. 178.191 of (13) Specification 12B (§ 178.205 of
this subchapter). Wooden boxes with this subchapter). Fiberboard box with
inside glass or earthenware containers inside metal containers. Not more-
not over 2 gallons each, or with meta! than four 1-gallon or six 1-quart con-
containers, not over 5 gallons each. tainers may be packed in each box.

(3) Specification 5 (1 178.80 of this Maximum gross weight may not
subchapter) metal drums. Openings
must not exceed 2.3 inches in diame- The use of existing tanks authorized but
ter. new construction not authorized.
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Res h end Sped Prep..s Adminhtisueln, DOT 173.249

exceed 65 pounds and the completed Sections Affected appering in the Finding
packme must meet the test require. Aldse of t vlume.
ments of 11 718210-10 of thi subchW I 173.245. Cleanag cempomA liquid;
ter. coal tar dye, liquid- dye intemedie

(14) Specification IM 101 portable luidy iid ye I eudla .tanks (if 17& 70. 17&271 of this sub- liqi; teaing remagent liquid; a luz.
chapter) are authorized under condl, e tnettig COUlp@Ul aintue liquid.
tions specfled in the IM Tank Table. (a) A liquid cleaning compound sub-

(b) The hazardous materials named Ject to this section must not contain
in paragraph (a) of this section. when any corrosive material specifically
offered for transportation by aircraft, named in 1 172.101 of this subehapter.
must be ckaged as follows (also au- except phosphoric acid, acetic acid.
thorued for transportation by ral' and not over 15 percent sodium or po-
freight, highway or water): tasslum hydroxide.

(1) In packagings as prescribed n (b) A liquid dye intermediate is a
paragraphs (aX8). (10). and (11) of this rim compound, containing amino. hy-
section and I 173.245(aX7) and (12). droxy, sulfonic acid. or qulnone group

(2) Spec. 5 or 5A (1 178.80 or 178.81 or a combination of these groups, used
of this subchapter). Metal barrels or in the manufacture of dyes, and not
drums, capacity not exceeding 10 CC. otherwise specifically named in
lons with openings not exceeding 2.3 1 172.101 of this subhapter.
inches in dameter. (c) A liquid textile treating coin-

(3) Specification 1SA. 15B, 15C, 16A, pound mixture is a mixture used to
19A. or 191 (if 178.168, 178.169. treat woven, knit or otherwise manu-
178.170. 178.185, 178.190, 17L191 of factured fabrics. It does not include
this subchapter). Wooden boxes with mixtures used only to treat fibers, fila-
inside glass or earthenware containers ments. or yarn used in making the
not over 1-gallon each. or with inside fabric.
metal cans, not over 5 gallons each. (d) Liquid coal tar dye, liquid clean-

(c) Limited quantities of alkaline ing compound. liquid dye intermediate
corrosive liquids, n.o.s, alkaline liq- liquid mining reagent, and liquid tex-
uids. n.os., alkaline corrosive battery tile treating compound mixture must
fluids, and liquid sodium aluminate in be Packaged as follows:
inside packagings of not more than 8 (1) In specification packagings as
fluid ounces capacity each. packed in Prescribed in I 173.245.
strong outside packagings, and cush- (2) In packagings meeting all of the
ioned with absorbent material in suffi. specific requirements prescribed in
cient quantity to completely absorb 1 173.245 including packaging type and
liquid contents in the event of break- quantity limitations for inside packag-
age. are excepted from labeling ings. The packagings are not required
(except labeling is required for trans- to meet the detailed specification re-
portation by air) and specification quirements of Part 178 of this sub-
packaging requirements of this sub- chapter except that size and weight
chapter. In addition, shipments ale limitations for package types as pre-
not subject to Subpart F of Part 172 of scribed in Part 178 may not be exceed-
this subchapter, to Part 174 of this ed. Not authorized for shipment by
subchapter except 1174.24 and to Part ai-rraft.
177 of this subchapter except (3) Removable (open) head fiber
1 177.817. drum lined or coated on the inside

(d) Special exceptions for shipment with a plastic material, not over 55-
of certain alkaline in the ORM-D class gallon capacity. Not authorized for
are provided in Subpart N of this part. shipment by aircraft.

(4) Removable (open) head metal
(49 U.E.C. 1803. 1804. 1808; 49 CFR 1.53. drum, not over 55-gallon capacity. Not
App. A to Part 1) authorized for shipment by aircraft.
[29 PR 18725. Dec. 29. 1964. Redesignated at (5) Removable (open) head polyeth-
32 PR 3606. Apr. 5. 19671 ylene drum. not over 6.5-gallon capac-

Enrrox NoTE For Federal Register cita.- ity. Not authorized for shipment by
tions affecting 1 173.249. see the List of CPR aircraft.
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3-10.4

809 PACKING INSTRUCTION 0 809

The geserl ecking neukremai o( Pan 3. Chap r I muna be met.

Singw Vpaag we am pmItted.

lawe

OlN or Afewi Imor 01w
owwMA" P~Wk ablaaui m AhuAulaim aawpouw Padteula

IP. IJ I IPJA IP.8 pue&*
UNN. (U QJ (L) W. (Li Mequwmma

1713 1 1 1 Os O24.7.13
119 I I 1 No Oj
1722 1 1 No No OS 13
1739 1 No No 0.5 13
1740 No I I No No
1744 I No No Oj 2.13
1750 1 1 1 No 0.5 S.13
1754 1 1 1 0j 2.7.13
17S8 1 1 No 0.3 2,S.13
1760 1 1 No 0.5 2.13
1764 1 ! 1 No 0.5 2.5.13
1765 I 1 1 No 0.5 24.13
174" No I No No 24
1774 1 No No 0.5
1773 I 1 No 0.5 2.5.21
1776 1 1 No 0.5 2J.21
1777 1 i 1 0.5 2J.7,13.21
1778 1 -1 No 0.5 2.4.21
178 1 1 No 0.5 2J.21
1786 No I No No LS
177 1 1 No No 0-5 2.13
178 I 1 No No 0.$ 2.13
1719 1 I No No 0.5 2,13
17W No I I No No 2.S
1791 1 1 i No 0.3 5
1794 1 No I No 0.5 5.13
17W 1 No No No 0.5 13
1802 I I No NO 0.1
i811 No I I NO No

1814 1 I 1 No 0.5
lot1 s 1 No No 0.S 2.13
1824 1 1 No 0.5
1I2m I No No 0.5 5.13
1821 1 I 1 0.5 5,7.1
1830 I I No 0.5 5,13
1831 1 1 1 No 0.S 2,.13
i134 I 1 I 1 0.5 2J.13
Im I 1 1 No 0.5 2.7.13

1904 1 1 1 No 0.5 2.13
1940 1 1 1 No 0.S 5
2021 i No No No 0.S 12
20!2 1 No No No 0.S 13
2240 1 1 1 No 0.5 2J.13
2258 1 I No 0.5 2.13
2306 I 1 1 No 0.5 2.5,13
143 I I I No 0.5 24S.11
243# No I I No No
24i N. 0.5 24.13
2M 1 No O 2,.,13

"I I No 0.5 2,3.13
2604 11 1 0.
267 11 No 0j
279 1 No O.5
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3-10.5

809 ,AC ,ING -NSUVCTwN c, $ ',,,., 809

Glon or Mild r'r Gau
ternheahtwt PlAsc al wwms i Alumirowft mpue p r

IP. I P. 1 PJ IPJA 1P.8 ptiune
av No. 1L) flu (Li (Li MP mea~tl

2631 1 1 No 0.s
2692 1 NO 0.S 2..13
2690 1 No 0 $113.21
1734 1 No 0.J 2.11

PI3S 1 No 0.5 2.13
739 1 1 0.3 1.5.,13

2790 1 1 0.3 2,5.7,1)379w 3 No 0.3 3,1)
177M NO 0.s
21117 No I No No
23 I No 0.S.

2879 1 No 0.S. 2.3.13
2920 1 No 0.5 X11
292 I No 0.5 2.13

Siee! drum - IA2 Plasti jerrican - 1H2
Alumwsum drum - 182 Wooden box - AC1. AC
Sweel errwan - JAI Plw'y* box - 4D
PlywOod drum - I D eco' vaouted wood box - 4F
Fibre drum - 10 Fibreboard box - 4G
Plbstic drum - I H2

?..twt-le perk/at recu~regmt~rn

2 Plastic in= packangs must be picked in tighy closed metal receptacles before packing in outer packagmag.
Steel packaglags must be corrosu istan at with prtection aga corresio.

7 When aJumiMum or aluminum alloys are used they must be restatm to conoaon.
I3 Clas inner paclagics amu glas ampoules must be packed with absorbent material in Uigly cosed mad tMepAcks

beffore picklat ifi O4ier packagl s.

21 It free from hydrofluoar aid thean l aser packaging are permitted.

810 PACKING IRON 810 810
1Tw leneral paciing requiremews of Pon 3. ChApter I must be me.

Saqfc peckaglas arm not permited.

C.wneiwaswoA Fn*quI148s

new Glass or arnewart - IP.I 0.3 kg
Plslic - iP.2 0.3 k
Metal - 1P.3. IP.JA 0.3 k4
clams a10o111 - IP.3 O4 k

Outer See drum - IA2 Phk joan, an - 1.1
Alumiiu drum - 152 Wooden box ft ACI, 4C2
Sler ,erridam - JA Pip bao - 4D
Plywod drum - I - Remttted wood box - ,F
Ilq" drum - io Flbseba box -40
PWasdium - 1142
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813 PACKING INSTRUCTION 813 813
Nhe cne packWi t quircuenu of Pan 3. Chapin I must be me.

cmbNwtoE' peckaguas:

Glau or Mewmt Goe Cla
eth kwmw., Plestlc elumasewa Alshluam mwulei Peftwitar

IP.1 IP.2 IpJ IPJA lP.8 PKMn
UN M. a) Wi (L) (Li QLI ,q6

171 2.5 2.5 2. 2. 0. 21.7,13
1713 2.5 2 2J No 0.3
1724 2L 2.3 2- No 0. 5
17U 2.11 2.5 2.5 NO 0. 5
1732 2- 2.3 2.5 24 0.3 2,,7,713,1
1740 No 2.5 24 No No
1747 2.3 24 2j NO 0.3 5
1750 21 2. 24 No 0.3 3.1)
1753 2.3 24 2.3 No 0.5 3
1762 2.3 L. 2.4 No 0.3 5
1763 2.s 21 2.5 No 0. 3
1764 2.S .. S 2.5 No 0.3 2.S.13
1765 2.3 2.3 2.5 No 0.3 2..13
176 2.3 2. 2.3 No 04, 5

1767 2.S 2.5 2.3 No 04 5
1768 No 2.5 2., No No 2.
1769 24 21 23 No 05 5
1771 lj 24 2J No 04 5
1773 2.3 2.5 L No 0.3 2,S.21
J176 24 2.3 2. No 0.3 24.21
1778 2.3 2.3 2. No 0.3 2J.21
2781 2.3 25 2J N 0.. 3
1782 2.5 2.5 24 No 05 3.21
1754 24 2.4 24 No 0.S 5
1717 24 21 No No 04 2.13

-171N 24 2.S No No 0 2.13
1719 2.s L No me 0 2,13
17W No 2J 24 lo No 5
1791 24 24 2.5 No 0J s
179 23 No 2.4 ,No 0.3 3.13
1799 . 2.3 24 2.3 No 0.3 3
100 2. 2. 2.3 No 0j 5
1801 2.S 24 2. No 0.3 3
130 2.5 Ls No No 04
i303 2.4 2J No NO 0.3
1104 2.3 2. 2.3 No 0.S
I w 24 2.3 24 No 0.5 2J.13

lowt 2.S li 2. No 0.3 3,13
1310 2J 2J 2.S No 0. 3
1811 No 21 2.S NO No
1114 24 2- 2J No 0.3
1816 2.3 2.5 21 No 0.5 I

1328 2. 2. No No 0.5 2,13
1824 24 2.3 2.3 NO 0,
Ilm 2.3 No 24 No 05 3.13
110 i 24 2j No 0.. 3,13
1832 24 2. 2.S No 0i SO3
1837 23 L. 2.3 No 0. S,13
2528 24 24 No No 0. ,13
1904 2.3 2. 2-t NO 045 5.13
Igo 2. 24 2.31 No 01 2,13
1940 2. 24 24 No 04
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813 PACXING tMSMILCTION 81 (on. 813
ClAWor Muedi ffol CAM,

IP.1 iPJ IAj IP.A iP.8 P.Cesa
UN No. (L) WL (Li (L) (L) ffquuVwmh

2031 24 2.5 No NO 0.3 2.11
2231 2.s 21 21 NO 0.3 343
238 24s 2J 2.s NO 0.3 2J.13
2635 24 24 1424 NO 04 1
2438 24 2.5 25 No 03 24
249 NO M 2Ls No No
2443 U. 24 21 No 0.-2.1
2508 24 24 L4 No 04
2364 11 2J 24S No 04 24.13
2m7 5 1 10 No 03
x"7 24 21 2.s NO 0.s
2679 21 21 21 No 04
2011 21 24 24 NO CAI
271 21 21 21 Ls5 04 4$.

24 L24 24 2.s 0.3 3.7.13
279 L2. 24 21 NO 0.A J.13
279 24 21 24 No 0.3
2117 No 24 21 NO No
283 L4 21 21 No 0.3

Out~r Sted &Mu W A Plasti jertkan - 3142
A~mainmgruam - 152 Woodft box - 4C 1. 4C2
Sl jericef - 3A2 Plyo Mot - 4
plywoo4 dtum - 10 RAOMUUttIO" aO X - 0F
Fibee amm - 10 Fibreboetd boxn - 40

S~sgk poctegirnp

lA1 Ahwume s id P~et Pae Couspoees pes~kula
god dau jevrkea# dams ifmkei Okpit - P~

UNV A'. c&Ihse I&1 JAI IMI ifft oil Mvuwmeeu
171S y" Vol Y@1 Yes yes Yes J.7
IM1 Ta No Yes yes Yes Y"s
1724 Yes No yes No No Yes

.17 vs No You No No Yes
I73 my" Yes Yes No No Yes 5.7
1140 y" NO Yes yes Yes Yes
1747 Yes No Yes- No No Yes
1750 Yes No Y"s Yes Yss Yes
1733 yes No Yes NO No Yes 5
074 Yes No Yes No No Yes
124.3 Yes No Yes No No Yes
1764 yes No Yes yes Yes Yft
IllS yes No Yes Yes Yes yes
1146 YOS No yff No No Yes 5
1767 Yes No Ya No No Yes i
1761 yes No Yes No No Yes
176, Yet No yes NO No Yts
2771 Y46 No Yes NO NO Yes
1775 Y"u No Yes yes Yes Yes 5
1776 Yes NO Y"s Yes Yes Yes 5
17m Ye No Yes Yes Yes Yes S
1711 v"s No Ye Yes Yes Y. 3
122 Yes NO Yes Yes yet Yes S
1714 yu No yes NO No Yes
178 NO No NO NO No Yes
1711 No No No NO No Yes
1789 No No No Yes Yes Yes
1700 Yes No yes Yes Yes Yet S
1791 yes No Yes Yes yes Yes
57W Yes No Yes No No No
17" yes .4o Vs No NO Yes
Ito0 Ye NO Yes No No Yes"

Cirliamn lava be as permesed in Psekeal lmasme 2W0

36



3.10.9

813 PACKING INSTRULTON 1t3 (eom. 813

1A A lujiwlum $,"I PlutW Plom COmPOem,. PumlICer
end deMs, jerrIkens drinM Jmtrkas (plkj - pi eAdn

UV uO. cylnder I5 jA] IHI JAll am1 tquwements
1103 Yes No Yes No. No Yes S
190. No .4o No No No Yes
104 Yes NO Yes No No Yes S
lI0 Yes No Yes Yes Yes Yes S
to Yes No Yes Yes Yes Yes S
3110 Yes No Yes Yo YO Ye SH
lil Yes No Yes Yes Yes Yes
1114 Yes No Yes Yes Yes Yes
114 Yes NO Yes No NO Ye $
Isis No No No Yes Yes Yes
1824 Yes No Yes Yes Yes Yes
I1sm Yes No Yes No No No S
8I30 Yes No Yes Yes Yes Ya
1132 Yes No Yes Yes Yes Yes 3
1637 Yes No Yes Yes Yes Y" S
481 Yes No Yes Yes Yes Yes 3
1909 Yes No Yes Yes Yes Yes 3
1204 No No No Yes Yes Yes
1940 Yes No Yes Yes Yes Yes
2251 Yes No Yes Yes Yes Yes
230 Yes No Yes Yes Yes Yes S
2431 Yes No Yes No No Yes 5
2438 Yes No Yes Yes Yes Yes 3
2439 Yes No Yes Yet Yes Yes
2443 Yes No Ye No No Yes 3
2S Yes No Yes Yes Yes Yes
244 Yes No Yes Yes Yes Yes 3
2672 Yes No Yes Yet YU Yes
2677 Yes No Ye Yes Ye Yes
2679 Ye No Yes Yes Yes Yes
2611 Yes No Yes Yes Yes Yes
27 Yes Yet Yes. Yes Yes YIN .7
27"0 Ye Yes Yes Yet Yes Yes 5,7
2796 Yes No Yes Yes Yes Yes $
2797 Yes No Yes Yes Yes Yes
2117 Yes No Yes Yes Ye Yes
23U7 Yes No Yes Yes Yes Yes

2 Pleai miwef pcksa p mu be pwukgd ia daW dosed mad rawa beft packINg i outer pckafgta
3 Sted peckagua muss be or vMih pmeauoi a maimel.
7 Whe aumeim of alnum a~oys ae use they muss be tnmm to caiomF.

1) GeMes ba PelW W MW am SnPoauln mum be paeked with absoeb mmeeial i eloud metal reeeptaues
befoe peeking i outer parkagiag

2 Itf free rr yeo y k ad the &M Me Iamer im are pant.

Crliadies mum be as iPmtled i PAki Wasud 200
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APPENDIX C

Extract of Information on
Polystheretherketone (PEEK) Provided by

ICI Advanced Xaterials/LNP Engineering Plastics
Exton, PA
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4. TABLE I SUMMARY OF PROPER TIES

P-Operly AS!MPU bEEK PEEKI( PEK
Taet Memoi@ ON3 4500L2 f5Clw.O 46Ocm

GENERAL PROPERTIES .- 3aiua ni1 hif Gaur

Density (cryvsaUme) ole2 gim 3  32 1 43 li I."A
(amorphous 1.206 -

Clowr Grey Blown~ Brawn Blackc
Filter content % - 20 30 30
Typtcal ;sval 01 crstsilliolty 35 is 35 3
Pc-cesig Iemmature frnge - 5-i 30dG 3706-O 370--4w

water abacrgt,0roba
24 hours 22Cf3F' 0570 lb0.5 -2.11 006
Equlbirlwn W1C(731) 057 05 -- -

moulo anrmmage 1. 0.7-1.4 0.5 .-.

MECHANICAL PROPER TIES
FlexuraJ modulus 2WC(73*9) 01 ~ p' .~3.~ * 5~"36.~ 3O16A
Flernwal modtilus 2SWctIOWF) 0760d 0P~a O3j4M60 12(174.000-2, Z3=00)i~ 'TOM M
Fiexurst atretitn 211C(730) 0790 Mfa(pai) 170(2.?00r 1IW MO 3D3.V 316(4001 8
Fdowsi strength 250C(4W~i WIN0 W8060s 12.(U06r 53?MJ1W 7.yI POW l1~f2W
Tensile stfrWu 27C 73'Fl ow3 mPSop*) SMI)UW 'DiAX17XQW ISVW".00 7eM2O=
Smeaul or v44 W5C1410P) =63 Tes. sceed 401(pasJ 'Zfl .700 A-tMaw,0 3'k9N4100 4842A00

5 mmimuin.
(0.2 In/mml)

.40498aton at is oa 2CCYrl 0636 Test sosed % 50 P. 13
5 mm/mno
(0.2 I01 n)

Floigatlca at yield Ml'C73') 013 Test spato %b 4B9 -

5 mm/nun

Shia strengift (altinae 034 111108011) g51= 7',UW 9l41W
Shear mcdiliAs 23C(730$)- cpa~pa') Q3OfUJO - 2.40118=~9
TV*%l MNdiA I% "amai U'C=3'F 06w OGaW, 3 V==1 7 (XIVIS. 2 7t1110Ai, 191ft4W
COomurwimie su*g 2C(?3F): 01 mp6Um M~is I 1&17.l0 @O90 ?I5M3Z0 24004JOh
Cempaaave strength 25C(7'F: 0 6 M11111103 iIIIM ;34(2.400 2
Charoy ampactIp 011=11"'C7Y) as 273

metho 351A
2 mm(G00 in) notch tad~W - VJIm 34.9 -1.37

M1tib/iiif) 16.65:, - (0.22) (0.15)
0.25 mrn(0 OC in) Aoct radius - iJ/ira 62 - to 5.4

(ltlbml 4.13) - i0. 1?) o1
tzoo impact eren-tn 23'C(73P) U"5

Notche Madi. 0.900 2 m dW* imli 0

Ureotfed-Jim No break 673 7,49
(Ii.Ib/IflI (12.6) 3) (4O

ftazos ratio 25'Ci73"Fj DIX 0.42 -0.45

A.ockweil hordnes
ReAe 7m 126 ILI '24 !24
Macl "sit -m so 102 1030

THERMAL PROPERTIES
me"in pwi - cl) 49'(633) 334(LU3 3304:63= 334(633)
Gen. tranaft Tom aimia - C(P 143(236 142(35 14&(206 14m0)
Sucmtedh"a -cal# C 0.3 - --

Coefficient of thermal expansion 063 fmleC 47 x l0r* 24 x WO 22 x '71 15 x IrS
101 x IV
at>IIOc
p30rF3

#-set ouston inweraw IV We 0 O C4'P) IS0OM 26d4 313(60C, 3(50g
(am 10f1ii93

Tmal conouctv CIWimC 025- 4, 0.41 0 43 09
mew'ian coraftiwus urvift-'tj 3mI 2304W, 25WW4 20430
lempilivture (Isatimaod
UL*-WW 11111

Yo ~.a il-mnkege is deDIMaudefOn ofl- Ct.lrevitstlon 9a;I the iower Cavrg et' :ee s ruua.lge .1-l! directiol ot ?oIQ? :~a~

Y-eic vsILe a( t S. sM 3) aii * 40
,Y) Yield



45OG '50GL2 4-il 4~kA,

FLAMMABILITY PROPER TIES

Flamonly fRating

1 4mnt.05? In) th-ct Samo's UJ.S4 V- a. V--0V

Limuagv OXV94n index

0.4 wMfh0.015 irl thick simiple ASN M 2,6 26 24--
3.2mmiil.M25n) uwck sanmgig AS1U01 MW n, 35 6
Teperature Index

312 mm(0.12S in, I.'ick wea sawe on Fi >M>51~S

Smoke DMAu* (OMkc

3.2 mint0 125 in, Iticit samptse NBS Sinai.s is9 5
tming mods nor.-Ifaming rnoce Chamrler -2 2-
1.5 6Iamio 02 -.A) Inick SfaDJw NIs $,Doke -511 - -

flarming mnace n4il"4 mode C.ramoef 5---

rims to W0% (015:4

3.2 mm~0 1i5 .n) Owi'ng mode MIs SUnoks "Mir. 1.8
folick sam pie.

3 2 Millaus2 In) moo flanwig mods Chamberif MM 196
thick saqtiple,

0(1.5 Milli Value

fIam"n NOS sS'oce -0 0 -0

Nefl-flawfmihao"-

0(4 MiI Yalu$

riainng NBS Smoke - -0

Toxicity Index
10 gODA Ibs) sip

co, -,I Cable Ue 1 0124 23
Tats: iet ani ;asneseae - !.2 7)

ELEC TA/CAL PROPER TIES

0141ecric sr'etn ASTM O1US 190v IS - -
,500h filini

Comoveive tracutig Indvi 23?C 0353 '401t 150 - i75
(730F)

Low langent 23C(7?Pi I M2 DS27112 - 0033 --
volume reestvi: 2?C473P) ow5 aim-clo 4 9 x loll - - 5

petatviltty

so Nu-IC KHlL 0-1S(32WP ft' 27*2 -3.2-3.3 ---

50 Ma 2W0C(390P) S4,12 45

f srtrnatsc value
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3 Summay at ',!1OiA exn r-s :n 0"ects~ vS~y~
3 Summary of ~esistaocem~ awo f'er.c r-'-r:c !jGas5os andO 5-rsn 1*' St i t.

Chemical Resistance e-i.o,;an do~icav~on. aro ol eevatec-
ne ccoa1'oaa:, 'w ve% vex wessasna S,*;.;'

,,as -"on ,flves*.!;56g; alio zte reSui.. *saora:cry *&ib 1, tenree~c,
3 fie~toC~ ;I~s a' V~f :!. usd as a gu:aa. arc ine se

Table 1 srouloa satisfy nirrsei! oefcrena'id c?

These ewuts are ervd(Crm9SJ in 'he gu'*$O:Iity 01' *VIrtX EE,( 'a'.
wh~ch instressa apecrrer's were in-Gervice 60#1onment .
completely immersed -r, a wde range0 Some~ resuits at n~gar tamperat--res
of Ctrifcal Onvitofol~els at fcom, ea svila~te: :nese are g;ver. in'
temrperature They rr.ayafer Table 2.
considealy from those fo.noa in*

TOWt I The Chemical Resilstance of Untstnfoirced iVlCtr' PKIK 450(1 at 20C1 ($$F)

Acotaideflyda A Ethane A Nitric acid (10%) A
Aetic acid A Etflano! A Nitfic acid 130%)
Acetone@ A Ethyl acetate A N;:ovenzefl. A
Acetonimflie A Ethyl awcofl A Ntrogen A
Acrylic acld A Etiyene oxide A Nitroisacto(1% A
Aluminiumr suip~iSfe A
Aori'. anlhydrous A Ferric oxide A Oxygen A
Ammonia (ll-quid) 13 Ferricsuioltate A P cn
Amr,'im hydroxide cor.c. A Fluonris C

A~a-el5CFormc ac-c Ba Paraffin A
Pormalin A Pentane A

Genzene A Percnlcroethlefle A
senZOc acid A Gas (natural A Phienot (dlki:e) A

Senzalcohyde A Gas (manulaetured) A. Phenol (conc)
Brominetlbromoehlfle C Gasciine (sour) A Prhosaflcno acic (1O%i A
Bromine (dry) C Glycols A Phosoiof.c aciC (60%) A
Srcrnine (wet) CPhosghcric 0c~d 08%) A
Bouic aid A Heptane A Ph thalic actc A
Butane A Henae A Potassium cn;3ride A

Hydraulic Oil A Potasiurn tyatoxid (OWute) A
Caictum carbonate A Hydr~e~oric acid A Potassium nydroxids (70%) A

Caciumn cntoride A Hydrobromic acid C Potassium sulphate A

Calcium hydroxide A Hyarofluoric acid C Propane A

Carbolic acid A H-ydrogen percouce A Propr,&. -

Carbonic acid A Hydrogen swiot.iiae (Cat) A
Carbon dioxide (ory) S odium (hot, C
Ca'bon tarachiornde A iodine 8 Sodium caroonte 4

^Z14-inatec solvenlts 8 iso-octane A Sodiumr nyo.rcxide A
Cflborine (gas) A Sodium nyohoieA
CMIr"fort(liquid) C K~erosine A Styren'e yi~ud A
Chlorobenzsne A Ketonox A Sulphur hexatwuordo (gas) A
Chloroform A SuopUr'v Acid (up to 40%)A
CrUdeoii A L.actic acid A Suipiuri ac;;c (40%11
Cycionexans A 

1

01. roiC ScId (40%) A Magnesium chloride 9 Ta, raethy lead A
Chlorine Water ($at) CMagnesiuzm hydtoxice A Tolumne A

Malfic acid A TricniloroeinyleneA
Jietl~vlarninS A Methane A 1 1 i:CnO.O0etl'ane A
Diethy! Other A Methanol A T'ich!orotfif4L-orQetfane A
Dimetmyfformefnlos A Methy alconol A
O~pfeny suiphone 5 Methyl ethyl ketone A 'ater

Mettylerie chioride A
Xylerle A

Zinc chloride A
Zinc sulphate A

A - No Bt!lc. iie or no acsorp!;ri.
8 Slight alack Sarisfactorv se of 'Vvex' PEEK( wi ceoen.o on - aoiicator'

C-Severe attac.N V;:rex PEEK srouia rot o9 usac tor arv aoc;camnr hrnefe tress cnerricas are preseit
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S IResistance to AC;cis car citLo embrttenan;r =v uslant Inir e'l'.er theG gass !ci
Inorganic Chemicals n~ave titie offtsc-x V.! s:'$es ao:f re-ni.orcao or vnrem:ricc

aCids awo aikai.s may, iisuit ir son'e equvia'e'1s. P~lyica; chag's* a%)
loss of Iensile svemgtn. C-:s,ss )re crnges -r' mecrarvca Ptooerar:NvaCrex PEP.K sh~ows exfce;en: taintorcsogt~aces ctvicrex PEEK are trin;rz! As wa~r mre -:'s

t~554al#( 10 c itcgei crnicas and are mot e rst ~I,-,l a!.C -~c er.ern:.Cals c-inft0co graces. wt a veci c!
exNibits good retention of mecthanicai ti,-n are wurein'orcec grades. On 'he s:rcrg a:ka~ig s ~ ncra pr-.nc% n:*j-
properleSsf tr wog term exposure other hand, stro"; samii n~ave a more !!,an tha! ol ac;s

cronounced et'ec: on gtas 'We h fet~ fOWa,.jnrein~orced gtaoes ot.!ctrex PEEKThefw tIa:u11arni
are very resistan~t to attacx oy .einorcea graces causing changes3 cm~emicals cr- Mel physicea: and

fl~tgf.C CheVIIC8I. At ~a reduction in mecrmanicai properties mcaia r~risotemfperatures. they are aftectoo to in til mos exrm cae .nreintv'ea and rem~orcea vraces
SO Soextent by strong acids and of victox, PEEI' is Snownri
alkahs including suiphuric acid. The bearing grae. Victrex* PEEK Tawas e -15.
sodium hydroxide an~d ammonia. 450FC30. is more chemica!ty
Table 6 Welght end Dimensional Changes of Vtotrex PERK 1600 after Inmleralon In Inorgua Chemicals
for Seven Days at 200C (420F)

Pmapshoric acic (so%) +0.7 W NC Nr/'f

Sulphuric acid (50%) +0.5 -0.3 .8v

[Sodium Pridroxide soluticl 1,50%) 1 11 3 -+5 05 +

[Liouid am~monia +0.8 ~ 01 *0. +7

Slhrdoxide Gas j -0.5 i -0.2 N!C N/C

HyJogen.su-fphide gas NC-. .,+.

L abmmoricxide ga $ -0 h -0i 0 .-
Ammonha gas -0106

NIC -No chance 
I( eiaiQ flow oweer-M /

Table 7 Effecit on Mechanical PI'optirles of 'Victox, PEEK 160 aG ofog ~th :ag *c:Immeraton in Inorganic Chemicals for Seven Days at 200*C (4200P)

Iqgigen g~@dui vlia%' at ** vaenan

"006torC acid '50%) ! 08(15.6001 101 34(493.000) 9

S.oh~1aco 50)66(9.570) 63 4.3(823.5=1, -,-8

83909 E.1e.a4 4 73 7

87(1dafl90. i3 5376goQ 96 S4 91

0 .15240,49

Hyd=.em wph.xisga .AG 1, .640) 11 40(5 .AM)6. .

I C4 (_ _ _ I__._1-55_ _!8_ _5_ _._00_ _.!2_6

Arrcr a gs 1 359) log '1 "6CC
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Tabie 1 Weight end Dimensional Changes at vitwx, PEEK ISOGLZO atar immersion in inorganic Chorricals
for Seve~n Omyb at 200C (420*7)

aSulcpuric acid 50%) V1.1 N/,C

Sul~~fGI~iO asN/C 1NCNr ..

Hydrogen suoiegeN1 . . ,.

CaronFerxdegs 0 NCN/C !

L'qtd mnia -0.8 +0.1 -0.2 N/C

-0.3 cu -01

N/C Noleg Nunr~g af ft~o
vp - oIiwotaw

39(rw~ S5)g 64 6.8 ?8O*,

In InorgcChemical "5or QSeve Day a2C 8. (4205P) 1 .

TaS Effct on sZM~aia Proerie of8 A~trx P 1276 I O3M)erIme

L ri. aI4(0W)7 1615m )

"~ I sna~ingt pi~n~ 5~lf
swtj eoa a 161.U)C _j 9 115 (!fi?,4 L

Si~jrcec'~512 7f 9C:;55 ~ 822

a~s accc5% .? ' 9 : 5 .88 28OnI 9 .

___ ___ _ ___ I___ _ _ __ I __ __44_



6 Resistance to Organic
Chemicals

Because of its seffiicrystaiiine PanjcL;.a mrethyt er~yf kol~one aria The ettqc! 0* qorv orgefl:c -.n(fVjc8!
nature Victrex'PSEK otters excauient n'trobenzerie can have S sigri:'can: on~ Me prmyslca; az'd mcnrarical
resistance to organic ctennicsis anac eflevt on weigh It ano -Irrensicns. and Prrpemes of V 2- K.'g
corrinonly usso SOivefits ero ~ esuis in piaslacisation Wt the po~yrrer snw ira ries, - 25
exhib-Ia g ow retention of meenanicaI
oroperties 3fter iong term exposure. Gass 11ie reinforce- graces are
At high ternoeretures. some. reagents less affected ano I. " ~Ifl rwraoe
will have an' effct on w.1gnt. dimgn- 4SCPFC3O even ea 30
slons anoj rnecrianicai properties: in
Table 16 Weight and Dimensional Changes of 'Victrox' PEEK 1500 after lmmoaian In Organic Chemicals
foe Seven Days at 200C (420rP)

IF -ng 
V 1 .7

SAcetic acid (pufe +2. -0.2 1 40.3i.2

Ethylene glycol -02. -20;

?Mstflvetnyl ketone+09-0 3.

jNitrotmnzene +25.5 + 54 r-

Methae -0.4 -0.3 -01

N/C No change

Table 1? Effect *n Nmhanical Propies of -Vktrex' PESK 1500 of ;mmrsion ire Organic Chemicals
after Seven Days at 2OrC (4201F)

j - ~ ** *.'1 4t41CliV110
EAysetc ue) a~drI2.e1N) 63 1023 (505.500) 95 9. I

',~v ~lWn 51110,6751 72 3 7cS36.5M. 22C I 7
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7 Resistance to
Ref rigerants

Vict1(O EK is resstanit to atIACK
by halogenated hyirvcarbon
solvents and refrigeranis.

Table 26 Wfeight Champe of "Viotex' POEEK after Immersion in Various, ArMn' Tletngesrants for seven Days
at 23-C (7?P

Welgmt.chneg

-Aoo IIAton!12 iAilton22 'ArptoV 14

450G -0A. N/A 0

450GL30 -0.1 -0.06 .

40A00.0 ~ -O.O5 +0.09 10?
WiA - Not available

Table 27 Percentage Change to Mechaical Properties of 'VictreW PEELK
after Immersion In 'Areton' A134t for Fourteen Days at I00WC (2124f)

450G t93 10

*450G--.C +4.0 *.

*'Arct.on A, 34a soa novel "environrmet friendly" refrigerant *Jove-oped by 10I

8 Rssistarncq to f
Aviation and .*Skr*1SOOS4,6n tho Tonsile, MoWuusot
Automotive Fluids

..............

Som u.nreinlorced and relrforcea
'ViCtrox' PEEI( $how exceient
resistance. even at elevated
!emperstures, to tt-,* majority cl fOU '1

aubsancs encountefed in ,t'e
aviaior and autornottve areas: fley
:nctue ihytrocaroon ard minerai
Wse. Crtasies and transmtssion -

Resistance to Aviation PluIlaJ.s
'Victrex PEEK nas exceitent -
-esiszance to'Skydrol'5CO8-4 an'd
L04 1),or5'ulic 'IU:s as car oe seen 2-1

arid 29. 0l
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APPENDIX D

Znfozzation on PolyahlorotriflUo:Oethylene (CTE )
Provided by

allied Signal

ACLAR can be heat-sealed, laminated, printed, thermoformed, metallized,
and sterilized. The unsupported and laminated varieties can be handled and
processed on most common converting and packaging machinery.

Very few films combine so many desirable qualities as ACLAR. It is:

- Unsurpassed in moisture barrier protection; up to ten times more moisture
protection than other clear, flexible films

- FDA recognized. Applicable regulation #t21CFR177.1380. Drug Nbster File
No. 1578.

- Crystal clear
- Chemically stable and biochemically inert
- Plasticizer and stabilizer free
- Transparent to ultraviolet radiation
- Nonflammable
- Nonsticking
- Non-aging
- Low in dielectric constant and dissipation; high in dielectric strength

Grades

ACLAR 22A is a copolymer film consisting primarily of CTFE. It is used
primarily for pharmaceutical packaging applications. ACLAR 22A film
thermoforms at a lower temperature than ACLAR 33C and may be
formed on a vacuum forming machine. ACLAR 22A provides excellent
moisture barrier properties. Standard product thicknesses include .0015"
and .005".

ACLAR 88A is a copolymer film consisting primarily of CTFE. It is used
primarily for pharmaceutical packaging applications as well. This pro-
duct thermoforms at the same temperature and on identical equipment
as ACLAR 22A. It is available in the thickness of .00075" only.

ACLAR 2W is a copolymer film consisting primarily of CTFE. It is used
primarily as an encapsulating film for electroluminescent lamps and for'
clean room packaging. Standard product thicknesses include .002",
.003; .005" .0075" an .01

ACLAR 33C is a terpolymer film consisting primarily of CTFE. It is used
primarily for military and pharmaceutical packaging applications. It
thermoforms satisfactorily on equipment having a pre-heat station and
a plug assist system. ACLAR 33C provides superior moisture barrier
properties. It is available in standard thicknesses of .00075", .001; .002",
.003",.005", and .0075"

ACUARL i60_- - Laminated biructures containing various
grades of ACLAR film are available for a variety of end-use applications.
Please ask your ACLAR specialist for more details.
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Typical Proneries

ACLAr CTFE film is a clear, flexible thermoplastic film with excellent
dimensional stability. It is unsurpassed as a transparent packaging
material for moisture sensitive products. Key physical and thermal prop-
erties of ACLAR* film products are summarized below.

AcLAR3A ACLAR2A I ACLAR22€ AaLAIR =C T..I Me&"

Gauge, Mils .s1 1.5 7.5 1 .75
(Microns) (19) (38) (190) (19)
Yield, Sq. In./Lb. 17,760 8880 1750 17,360
(m2/Kg) (25.25) (12.62) (2.49) (24.68)
Specific Gravity 2.10 2.10 2.11 2.12 ASTM D-1505
Haze, % <1 <1 <1 <1 ASTM D-1003
Tensile Strength MD, Psi 7.0-10.0x103 1 7.5-11.0x10 3  4.0-6.0x 10 9.5-11.5x 103  ASTM D-882

(KPa) (48.3-69 x 103) 1(51.7-75.9 x 103) 1(27.6-41.4x 101) 1(65.5-79.3 x 103)

TD, Psi 4.0-6.0 x 103 5.5-8.0 x 103  4.0-6.0 x103 5.5-8.0 x 103

(KPa) (27.6-41.4 x 101) (37.9-55.2 x 101) (27.641.4 x 103) (37.9-55.2x 103)

Elongation, % MD 150-250 1 115-225 200-300 50-150 ASTM D-882
TD 200-300 1 200-300 200-300 1 50-150

Young's Mod. MD, Psi 140-160 x10 3  140-160 x 103  130-160 x 103  190-200 x 103  ASTM D-882
(KPa) (97-110x 10') (97-110x 10') (90-110xi10) 131-138x 104)

TD, Psi 1 120-140x 103  150-160x 103  130-160x 103  190-200x10 3

(KPa) (83.7-97x 104) (104-1 lOx 104) (90-1 I0x 104) (131-138x 104)
Tear Strength-Init. MD 1 240 380 1 465 400 ASTMD-1004
(Graves), gm TD 300 360 415( 380
Tear Strength, MD 24 40 > 1600 1 12 ASTMD- 1922
Propagated TD 24 130 > 1600 33
(Elmendorf), gm I
Impact Strength 93 347 1200 <57 ASTM- 1709(Dartdrop) (Method (Method A-) (Method "B") (Method "A") "A"-26", 1.5"Failure Weight, gins diam. dart

(66 cm, 3.8 cm
diam. dart)

"B"-60", 2"
diam. dart

(152 cm, 5.1 cm
diam. dart)

Dimensional MD + 12to + 15 + 12to + 15 _2 1 -2.5 ASTM D- 1204
Change, % TD -12to - 15 - 12to - 15 1-2 12.5 300*F (149C) 10min
Crystalline TM°F 361-367 361-367 361-367 396-400
Melting Point (°C) (183-186)1 (183-186) (183-186) (202-204)
Abrasion Resistance 14(A) 16(A) 7(A) 15(B) Taber abraser
Weight loss, mgs. I "A"-CS 10 wheel

500 gm- 100 cycles
"B-CS 1OF wheel500 gm - 500 cycles

Therm. Conduct. Cal-Cm/ 5
Cm2-Sec-C*! 5.3 x 10" 5.3 x 10-' 5.3x 10' 4.7x 10-'

Flammability Non Flam i Non Flam Non Flam Non Flam i ASTM D-568
Oxygen Index, % 100 I 100 100 1 100 i ASTMD-2863
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'errneaniiij',

ACLAR has an outstanding ability to prevent the passage of water vapor and
liquids. This means that ACLAR gives superb product protection and,
because of its transparency, permits inspection viewing of the product at the
same time. These combined properties have inspired imaginative new prod-
uct designs for moisture-sensitive items.

I uuppeu d ACLAR FIIII.I

Gm/1 00 In.2/24 Hrs. Gm/m 2/24 Hrs.
ACLAR33C 0.75 mi .033 -.005 l 9p. 0.511±.08i

2.0 mil .015 1±.0051 51i.g 0.23 ±.08

ACLAR22C 1.0mil .045 ±t.015) 25.4 i. 0.70 (±.23)
2.0Omil .028 (±.012) 51.0Op. 0.43 (±.19)
7.5 mil .007 (_.001) 190.0 t 0.11 ±.02)

ACLAR22A 1.5 mil .030(_t.01) 381L 0.47(--.15)

ACIAR WA 0.75 mil .050_(±.005) 191. 0.78(=.08)
*Measured on sealed pouches @
100F @ 90% RH.
ASTM E-96 Method E

Wute Vapor unmuk if Typm ACLAR 11mbmuIE...

Gm/100 In.2/24 hrs. Gm/m 2/24 hrs.
1.5 mil ACLAR 22A/2 PE/7 1/2 PVC 0.022 0.34
0.75 mil ACLARI 882 PE/7 1/2 PVC 0.031 0.48
0.75 mil A A 33C/10 PVC 0.018 0.28

**Measured on a MOCON PERMATRAN @
100F @ 90% RH.
ASTM-F372-78
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Wet. Vepne eonmhuIle Om u
gm-mil/100in2/24 hrs. @ 100*F @ 90% RH cc (STP) mil/ 100 in2/24 hr-ATM @ 77°F
(gm-mm/m2/24 hrs @ 37.8*C @ 90% RH) (cc (STP)-mm/m 2/24 hr-ATM @ 250 C)

ACtir33C See table at left 7 16
(2.8) - (6.3)

ACAR22C See table at left 15 2.5 40
(5.9) (1.0) (15.7)

ACLAR22A See table at left 12 2.5 30
(4.7) (1.0) (12.0)

PVC/PVdC 0.20-0.6 0.8-6.9 0.12-1.5 38-44
copolymer (0.08-0.24) (0.3-2.7) (0.05-0.6) (15-17)
Polyethylene Low density 1.0-1.5 500 180 2700

(0.39-0.59) (195) (71) (1060)
Medium density 0.7 250-535 85-315 100-2500

(0.28) (100-210) (35-125) (40-985)
High density 0.3 185 42 580

(0.12) (73) (17) (230)
CAPRANO 77C 19-20 2.6 0.9 4.7
(Nylon 6) (7.5-7.9) (1.0) (0.35) (1.9)
Fluorinated ethylene 0.4 750 320 1670
propylene (0.16) (295) (125) (660)
Polyvinyl fluoride 3.24 3.0 0.25 11

(1.3) (1.2) (.10) (4.3)
Polyvinylidene fluoride 2.6* 1.4 9 5.5

(1.0) (.55) (3.5) (2.2)
Polyester-PET 1.0-1.3 3.0-6.0 0.7-1.0 15-25
oriented (.39-.51) (1.2-2.4) (0.28-0.39) (5.9-9.8)

"230C
CAPRANP is o registered trodemork of AIied-Signal Corp.
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Cham cas -essiance

ACLAR resists attack by most industrial chemicals-acids, alkalis, and
many solvents. Exceptions include alkali metal complexes and organic
amines. A certain few materials such as highly chlorinated-fluorinated sol-
vents, nitrogen tetroxide, and chlorine gas tend to plasticize the film.
Silicones tend to induce stress cracking.
The following table reports the effect of many chemicals on ACLAR. Speci-
mens were exposed for two weeks at ambient temperatures.

C11611.111 R11 iu.111 Ted"l

Me"" Average Weight Increase (%) Visible Effect on Sample
ACLAR 22 & 83 ACLAR 33 ACLAR22 & 11 ACLAR33

Acetic Acid (3%) None None None None
Acetic Acid (Glacial) 0.09 0.03 None None
Acetone 5.17 0.5 Clouded, extremely None

flexible
Acetophenone None None None None
Ammonium Hydroxide None None None None
Aniline 0.01 None None None
Aqua Regia 0.10 0.04 Clear, yellow None

discoloration
Benzaldehyde 0.02 None None None
Benzene 2.4 0.6 Clouded, flexible None
Benzoyl Chloride 0.14 None None None
Bromine 0.15 0.1 Clear, amber Clear, amber

discoloration discoloration
Butyl Alcohol - None - None
Carbon Disulfide (ACS) 0.4 0.2 Clouded None
Carbon Tetrachloride 4.1 1.6 Flexible Slightly flexible
Citric Acid (3%) None None None None
Cyclohexanone 0.35 None Clouded None
1, 2-Dichloroethane 0.11 0.03 Clouded None
2, 4-Dichlorotoluene 0.15 0.06 Clouded None
Diethyl Phthalate None None Clouded None
Dimethylhydrazine (anhy.) 3.9 1.8 Blistered Amber discoloration
Dioxan 1.9 0.15 Flexible None
Ethyl Acetate 7.65 6.0 Extremely flexible Very flexible
Ethyl Alcohol (Anhyd. Denat.) None None None None
Ethyl Ether 5.6 5.2 Clouded, Very flexible

extremely flexible
Ethyene Oxide 5.8 4.0 Clouded, Very flexible

extremely flexible
Formic Acid None None None None
Furan, B.Y 310-320C. 5.4 3.7 Smokey Very flexible

discoloration,
extremely flexible

Gasoline (Premium Grade) 0.83 0.2 Clear, amber None
discoloration

Heptane None None Slightly clouded None
Hexachloroacetone- None None None None
20% Deeprock Heavy Cycle Oil
(35-40% Aromatic)
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Mugmid Average Weight Increase (%) Visible Effect on Sample
ACIAR 22 & 86 ACLAR33 ACLAR 22 & 3 ACLAR 33

Hexachloroacetone- None None None None
20% Kerosene
Hydraulic Fluid None None None None
(Monsanto Fluid OS-45)
Hydraulic Fluid None None None None
(Monsanto Pydraul F9)
Hydrochloric Acid (10%) None None None None
Hydrochloric Acid (Conc. 36%) None None None None
Hydrofluoric Acid (60%) None None None None
Hydrogen Peroxide (30%) 0.23 None Clouded None
JP-4 Referee Grade 0.09 0.03 None None
JP-4 Flight Grade 0.02 0.01 None None
Lactic Acid (3%) None None None None
Liquid Oxygen - Passes lox Passes lox

impact test impact test
Malathion EM-J 0.05 None None None
Methanol 0.10 None None None
Methyl Ethyl Ketone 5.9 1.2 Extremely flexible Slightly flexible
Nitric Acid (10%) None None None None
Nitric Acid (Conc. 70%) None None None None
Nitric Acid (Red Fuming) 0.07 0.04 None None
Nitric Acid (Conc.) - None None None None
Hydrofluoric Acid (60%) (50:50)
Nitrogen Tetroxide - - Flexible, yellow Flexible, yellow

discoloration discoloration
Oil (Motor Premium Grade) 0.01 0.01 None None
2, 4-Pentanedione 0.17 0.20 Clouded None
Pyridine 0.55 0.1 Clouded None
Sodium Hydroxide (50%) None None None None
Sodium Hypochlorite None None None None
Sulfuric Acid (30%) None None None None
Sulfuric Acid (Fuming 20%) 0.03 0.02 None None
Toluene 2.8 1.1 Flexible Slightly flexible
Toluene Diisocyanate 0.44 - None
1, 1, 2-Trichloroethane (Tech.) 0.04 0.02 Clouded None
Trichloroethyene 10.9 7.8 Clouded. Clear,

extremely flexible very flexible
Trichlorotrifluoroethane - - Cloudy, Cloudy,
(Genesov D) extremely flexible very flexible
Trethylaluminum 0.13 0.01 Slightly crazed Slightly crazed
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APPENDIX R

Information on Polyvinyliden. fluoride (PVP2, KYNAR)
Provided by

Soltex Polymer
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Wide range of products
HOMOPOLYM ERS

TYPE APPEARANCE CHARACTERISTICS AND MAIN USAGES

Series 1000 Virgon resins
SOLEF 1006 translucent Applications requiring high fluidity:

Mulilflamenfta infection moulding of parts with very thin waft.

S01SF 1008 translucent Inection moulding -general:
Injection moulding at complicated shapes or thin walls.
Extrusion of thin walls. particularly of tubes < 8mm diameter.
Transfer and centrifugal moulding.
Film extrusion.

501SF 1010 translucent Standard grads.
General edrusion and injection mnoulding.
Exdnjsioni of tuibes. hilm sheets and thi panels (5 om - 12 mm).
Compression and transfer moulding.
Slow moulding of films (5 to 100 pm)l and hollow objects.

SOLEF 1012 translucent Applications where low fluidity is requred:
Extiusion of thick walls. particularly for large diamete tubes and heavy sections.
Compression moulding.

Series 6000 Improved thermal stability virgin resins
501SF 6010 translucent Thick semi-imished item

Series 4000 Pigmnented master batches, to be diluted ten times (25 colours; avarable.

Series 3000 Compounds for special applications
SOLEF 3108 black Anfietati: formula reinforce with carbon black

Extrusion or injection moulding of antilatic units.
S01EF 3208 translucent Selff4ubricatin: formula lubricated with PTFE.

Applications requiring low fricti coefficient (e4g valve searngsL

Series 8000 Reinforced grades to obtain a high dimensional stability
SOLEF 8808 black Grade reinforce with carbon fi'rem

Applications requiring extemel high rigidity-
S01SF 8908 brown Grade reinforce with mica.

Applications requining very high rigidity and low warpage.

Series 5000 Special size graded powders
SOLEF 5008 translucent TOP coat for electrostatic powder spraying
501SF 5508 red Pimer for electrostatic powder spraying.
S01SF 5708 translucent Rotational moulding gradft

COPOLYMERS

TYPE APPEARANCE CHARACTERISTICS AND MAIN USAGES

S01SF 1 1010 translucent Virgi resin
For use where more flexibility and very high elongation at break are requued:
electric anid telephone cable Sheathing, extrusion of Sheets.

501EF 11010Oi0003 translucent Electric andwteehone cables requiring good resistanceto flame spreading and low
smokre emission (approved by Mhe UNDERWRITERS! LABORATORIES for UL 910
and UL 94 V-0 testsj.

Other grades are available on recuest fW soecalic uses. 54



Very high performance
Table 1 - Main characteristics of SOLEF PVDF

11111 S IM AM1 AND. u r un

PHYSICL PROERTIE

* DenMI ASTMD0 792 g/cm3 1.78 1.73 1.76 1.78 1.84 1.77
Waerabsoxpbon (24 hat 23-0 ASTM D 570 % <0,04 0.07 0.04 0.0 0.04 <0.04i
Reftactiv inde at23t ASTMD0 542 1.4A2 - -1.4

Mel flow index ASTM 0 1238- - -

-2301C. 10 kg g/10 min so 13 4 17 55 52 38 22
*230t.S 5kg g/10 min 18 4 1 6 20 19 16 5
*230'C. 2.16 kg g/l min 6 1 02 1 1 6 5

MECHANICAL PROPERTIES

Teneile:

Tensile stress at yied.5Smm/mifl ASTM D638 MPa 57 54 51 50 53 93 49 31
Ultimate tons"estrength, 5mnVmtn ASTMO0638 Mpga s0 46 43 43 46 93 47 25
Elongation at breaK 5mm/min ASTM 0638 NO12 80 100 9 70 1 6 430
Modulus at I mm/mmn ASTM 0 638 MPa 2600 2400 2100 3800 2300 6000 4200 1000

Fleion:

Maialurnload ASTM 1)790 MPa 94 74 70 89 78 1701, 81 49
Modulus ASTM 0 790 MPa 2500 2300 2000 4500 2200 6000 4700 1000

compression:
Max stefgthat Imm/min ASTM 0695 Mpg 85 80 75 90 80 96 49
Modulus at l mrrmm ASTM 0 695 MPS 2900 2400 2100 3800 2300 6000

Shores0Hardness -79 77 77 82 78 82 81 72

Tensil *mpac sg f DIN 53448
* on p a osa Ashoos Id/rn 300 400 400 150 300 270 - 570
-on iected sheets Wd/On 600 600 600 - - - 147 700

Abrasion resistance TABER CS10 Ing. 5-10 18 10
(load 1 kg) (1000) cycwf'

Frictin coefficient ASTM 0 1894
. static 0.45 0.45 0.45 0.33 020 0.33 028 0.33
- dynamic 0.34 0.34 0.34 023 0.15 023 025 0.31

THERMAL PROPERTIES

Vicatoimnt (5kg) ASTMDI1525 *C 147 142 140 151 147 167 157 96
Deflection temperatire ASTM 0 648
under load (1 A8MPa) * 115 113 105 129 117 134 - 54

Glass transition point ASTM 0 2236 C -40 -35 -40 -35 - -35
Crystalline mellingpoint *C 177 177 174 176 177 162

Linear Wermal expansion
coefficient ASTM 0 696 K-1 1060110 4 106106 38x1046 106x104 360a0 4  1200

* Themal conductance1
(20 -I SC) ASTM C177 Win-'JC' 0.19 0.23 0.19 022 0.17
Specfic had (between 0 and 1I0C Jkg'1J(C 960 - - 960

* crystalline fusion heat calorimey, kJ.kg'l 1 6 6 54 60 S7 - 38

ELECTRICAL PROPERTIES

Volume resistivty, ASTM 0257 nfl cm 5X1014 <14 IXIO14 ZXI1 3 IA8I0" SXto"4

Surface, resis" DIN 53483 fl >1013 <103 >1013 2Xd012 1Salo" SX10"

Moulding shikn %g 2-3 2 12-3 1 1 2

IC - ~ w 55



SOLEF PVDF
rABLES OF CHEMICAL RESISTANCE o Use of SOLF PVDF is limited -
KOLE PVDF is remarkably resistant to most inorganic acids The response to at least one of the three criteria above
und bases aliphatic and aromatic hydrocabons, organic acids, was negative. For instance the weight changes between
dcohos, and halogenated solvent, it is also resistant to the 2% and 5%. However, SOLEF PVDF can be used in
aogens (chlorne, bromine, and iodine, but not to fluorine), the medium, provided that it is not subjected to undue

it Is degraded by fuming sulphuric acid (oleum). some s (eg. for linings reinforced parts, etc). In this
mngly basic amines. Conemmed alkafis, and alkali metals, cam it is recommended to obtain advice from SOLTEX
It sweils slightly in strongly polar solvents such as acetone - SOLEF PVDF is not resistant -
uid ethyl acetate, and is soluble with difficulty in aprotic There is considerable deterioration of the material:.
polar solvents such as dimehylommide dissolution, chemical or physical attack, permeability.
imethylsuphoside. tetramethylurea or etc. For instance the weight changes by more than
beminethylp triamide. 5%.
The following tables give an indication of the chemical &P.: Boiling point of the medium concerned
resistance of SOLEF PVDF grades 1008 1010, 1012. and 5008
The chemical substances are listed according to the rules of SOLEF PVDF POWDER COATGS (thcknesI < imm)
the Handbook of Chemistry and Physic" published by The + The SOLEF PVDF coating is resistant-
Chemical Rubber Company. 59th edition. The solutions are No visible change in either the color or permiability of

alUeous, unless otherwise indicated. The "%" sign indicates the coating after at least 30 days continuous treatment
" of solute per 100g solution' The term "sat." indicates a in the medium concermed. The weight variation of the

-oncentration such that the solution is saturated at 25C. coating is less than 2%.

The tables am divided into two parts. The left-hand side gives o Use of SOLE? PVDF coating is limited-
the chemical resistance of solid SOLE? PVDF. as it is used for Coating usable with certain restrictions due, for
tubes, fiUings linings, pumps, etc. The right-hand side refers example, to a. change in color without loss of
solely to powder coaMings applied by electrostatic spraying or properties, or to slight swelling in a solvent. The
by fluidized bed. increase in weight lies between 2% and 5%.

in order to determine the chemical resistance of solid SOLEF - The SOLEF PVDF coating is not resistant -
PVDE stress free test pieces (2 mm thick) were completely Coating unusable due to various causes which arise
imersed for 30 days in each medium. After drying the either individually or simultaneously, for example:

surie they were measured, weighed and subectfed to a - Chemical attack
101151 test. - Detachment of the coating

The assessments about solid SOLEF PVDF do not take into .Change in color of the base coat
acwunt possible diffusion of a substance through the material. . pmebility
in addition, resistance of pipe made of SOLEF PVDF to - Dissolution of the coating
pressure has been evaluated as a function of time and -Incre in weight of more than 5 .
temperature, in the presence of numerous chemicals An POEM M BE NOTEDsk(b) shows which compounds listed in the tables have PIT OB UEerk tusted in this t s hIn the case of SOLE? PVDF used for coating metal surfacesbeen tested in this way. either as lining or by powder application, there is a risk of
For powder coatings (right hand column), carbon steel plates water diffusing through the coating, which increases with
coated by electrostatic spraying (average thickness of the increasing temperature and decreasing thickness of the
madIng 400 microns -0161) were immersed in each medium coating. This phenomenon is encountered only in the case of
[or 30 days. After drying, the plates were weighed and their dilute solutions at temperatures above 70C. For these
ippearance eamined. The porosity of the coating was then applications. it is advisable to contact SOLTEX for further
tested using an electric spark technique. The adherence of the information..ing was checked using a test developed by the SOLVAY In the c of f aes made of Sl SOLE? PVDF.
Laboratory. The assessments about powder coatings take into external or internal s rtis may make the material less
Kwunt possible diffusion of a substance through the WVDFR resistant to certain media as the result of a phenomenon

SGN USED AND EVAUWATION CflXUj which is refer, to as "sess cracking; which is well known
SOUD SOLE? P'/DF (thck . 1 ) with other polymes.
+ : SOLEF PVDF is resistant - INDEX

1) Its dimensions change by not more that 1.2S%.
2)its weight changes by not more than 2% rogno c Media.................pge 2
3) Its tensile yield strength does not change 2- OrglmiC Media ....................... page 5

by more than 15% 3-Misceilaneosm Media .................. pae 10
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Inerganic Media
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auheeny (NJ) eads SCI,50

h~am. 3OH).4HO a. ** ** +* 21W5 102

link
NdO, Who. H * * * 4. * 110

2% .. ,40

Mr"CaCU, adft + + + + 256 12435
-19id MaH) ad.o U * + + + + 213 1001

siom CaR(No,.4HO 50% + + + + . . . . 23 115
-um CaICo.2H*O ad ... , 213 100.

Co. 4 4 Coe
miiNe ci, 100%6 . . 15 49.0

Cie dry + . +

dma CUV ..

G0% *w . ** .* 215. 1I=
70% . 0

40" IA coo 30 0 + a blaum
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57



-mud Media

J sowi Sol UM 301 SOLD PU W As Celm 1?

77 212257262 p711 = 167 212 12S I~ L F Oc
567 sn 108 12S15 ISO 2 S10 2
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1101111 Is dry + + em brown
main + + brma own

(N)ebdds P.O,.4HO am. + + + + + 2 47 1125
(NQ ddoinm 7aCI,.6HO 50% + + + + + 2435 117.5
(IlQwnorm P(NO,).HvO aOL + + + + + 22W 115
(NQ )mdhb P.4804) 10% .. +. + + + 220 1045

- c34,COOkPb*3H10 am. * * 215. 102

i0mboom MgCO**Mg(OH) 1 3HrO am. L * * + + + +
chlorid mgo.kedO 50% + + + + + *.22 110
. .ds. MgIOt4), am. + + + + + + 2 14 101
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hIsorganic Media
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htergamic Media
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Organic Media
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Orgaic Mledia
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Organic Media
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Orgami Media
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Orgami Medfa
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APPENDIX F

PROPERTIES OF PLASTICS

Extracted from Perry's Chemical Ngineer's Handbook,
Sixth Edition, Don W. Green, Editor, (a) 1984 by

McGraw-Hill, Inc.# pp 23-48 to 23-57.

Table F-1. Chemical Resistance of important Plastics

_ _ _Poly- - - . - - - -

CAB* ABSt Pvct 10 :sacami * EPX g i eeelie wuoro UP

10% E6804 .......... El d iGod Excl Ecel xe. Exe.Ecl.Ecl Ecl id
50% E6804 .......... Exel. Poor lied BxOIL BROIL Good Endl lEnd. Ende. Excel. EXCel.
10% HCi ........... BROI. EnclEc d. Ex cel. BRILIcROL .o Ende. Ende. Excd. lROd.
10% HNOs ...... = Poor Good lEnd. lEd. Good Good Fair Excel. BROIL BROIL
10% Acefis ........... Excd. Good ExceL BROeL BROIL End. Endel BROI. Bud. Excel ExceL

10% NaOH ........... Excel. Fair ExceL Good Fair FI* ZKceL Poor Excel. ExceL lied.
50% NOWH.......... Exce. Poor ExceL BROIL Fair Poor Good Poor BROIL Exced Bude.
NR&OH ............. ExceOL Poor Excel. BROIL Pow, Fair BRceL Poor Exce. Excel BRceL

NCI .............. Exel Excel. Excel. lied. Excel. BOLied. ExceL Exce. Excel Excel. Ld
Fea ............ cel lROIL lied. BReOILed led Excel. Excel. Excel.dFxo* Excel .BROL ROL
CuoS0 .............. lied.I Exclnid. E ce. E ce. E cEld. Excel Excel BROIL lEd. BRed.
NJI.NOs ............ Exceld. ExceL BRceL led. Excl. ExceL lied. Good Excel lied. lied.

We& HIS............lied.I Exce. ExceL Excel. lied. Excel lied. ExceL Ed. lemd.
Waet .............. Poor Poor ExceL Good Plow Poor Per ExceL Excel. lied.
Wag Bch.............ExceL Poor ExceL Ence. Good lied. BLi od. xcl. OxcL Excdl

Guelias.............. Poor EROIL BROI. BRceL ExceL lied. ExceL ExceL BROIL BROILd
Baum.............. Poor Poor Poor Poor Flai Good ExceL BROIL Ende. Fa Fair
McC............... Poor Poor Poor Fair Far ExOeL Good Exce. Exce. Fair Po
Aceteac.............. Poor Poor Poor Poor Fair Poor Good Poor lxed. Good Good
Alcohol ............. Poor I Poor Ied Excel Excel. lioEd. I Ende. lid Excel.RL Excel. Ence.

NOTL Ratings are for long-term exposures at ambient temperatures (less than 380C (1000 F)j.
'Cellukos acetate butyrate.
fAcrylonitrile butadiene styrene polymer.
I Polyvinyl chloride, type I.
Cheaiical resistance of Saran-linted pipe is superior to e-xtrudled Saran in somne environments.

I Refers to general-pusrpose polyesters. Special polyesters have superior resistance. partic'1larly io alkali"s.
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APPENDIX G

Extract from Marine-Corrosioni: Causes and Prevention

(a) J. Wiley and SOnS, Nev York, 1975, pp. 302-305.
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APPEN4DIX H

Approvimate Container Costs for Selected
container Materials

73



zo I C II 0
a4- 1 0 s I a I 1 0 I r- 1 1*44 1 I . I a I II n . n--i w..

Oa a a1 1 v a 11Sq
01, 0 I 0 a ain aa 0 ~0 1

a * . a a I n I. a a I Ou- I .

04 11e In ~ la * tn a e 08 14

fa a a 61 1 C 1 4) N

14 N a3 a a a I a I o u a 1 a a
ar a 0 P i ie 4 i N

"0 a a a aO 11. a d I aw - a4 a11 04
.00 1 a a

2 1 I v., I a Ub., E-I I 'NO III
0 Zi -W- v a I 4 MC a4 to a c a aZ 00 a
48 CM HI 1- a -0P4 a 1 1 04 1- AJ a- .~ I -

.1 1 u 1 i4 1 > IA a m .0 1 0a 1. a

m1 Ul I z

40 U a I - 0 a i 1 .14 iOI 1 0 .14
141- P4 1. a a a N a.aa a a o I 04

* N aim a4 Ct a1 a4 1 a i a a

.0 c 0 N I > a aI aa

so a.4 a1 a a > a

0 w M i a a ai a a a sinIa a ei 1 0 1 0 1 ~ ~I

aN 10.1.1 1.0 1.0 a .0 I
11i I 4 l cl 01 0 am4 a1&
18 AjCDI a m I.- aC I a aC i 1 a-4 a%1 in4 I $4-6

Nm oa.fi I . 4 1 4 8. ..e a a -401ot) a1 a a -.4 N a -A r 4 a - . 4 I
Misa eat a 4am Gut 0 101o~ I- I a 0.JC

C0 MtnI a -- r I~ aW~ en a -4c a 1 a i -- 0 a c a or a
60 -. tu a 1 m 0 01 Ic 1400 1 01 1 IZ P I)% 1 0 I~411A 0 1 1
-464 -4. a4 a a a-A a M AI 1 G n I i I s IGc

a, ON'I 1 41 4 1 8 140 C48 Iw 1 - 8Pa1 cn I I 8 a
OS~a -41 1 0 1 0I 0 1~ a 1 s

ma. enIDa I I L14 CO 1 4- 0 CM1 -lg I
0.I P4 I 0 1 I4- 1 I4e h0 1- 1a I am 14411 no1 I Ijd1r

N I I I a I 14 IO I OCC 1 0 I I

II I O- I4 -I I I0 -I I I I I I -
11 a J. . 1 aW a aZ a a1 a a1 a a 1a

2 a a a a a a a a -.0 a1 1a a4 1a4 .
1 I 0 1 I -6 I1 I I .

1 0 1 1m 1 I4C
N I r-4 104 10 6 1 0 I I -44 I 0 . I -

Ii 10. -.a am.- a us .141 I ~ I .-e4 l~.0
N IU14P14Jm1 aoa o.C.ul41l a aman .- 4. aIs mi

* I laMt .4inI 1.14 I C J 4.f 4nI Im 4-NI*00 01.


